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Ten years ago the first AUDIODISC was manufactured . . . manufactured 
by a patented precision-machine process, which produced the finest recording 
disc known. 

During this decade AUDIODISCS have been rated first in every field of 
sound recording . . . radio broadcasting, commercial recording studios, 
the phonograph record industry, motion picture studios, educational institu- 
tions, home recording, research laboratories and governmental agencies. 
In every country throughout the world, AUDIODISCS are regarded as the 
true standard of recording quality. 

At first the output of AUDIODISCS was measured in tens of thousands, 
then in hundreds of thousands and later in millions per year. Today this 
highest rate of production is being maintained and the quality is the finest yet 
achieved. 


AUDIO DEVICES, INC., 444 Madison Avenue, New York 22, N.Y. 


Export Department: Rocke International Corp., 13 E. 40th Street, New York 16, N. Y. 
Audiodises are manufactured in the U.S.A. under exclusive license from PY RAL, S.A.R.L., Paris 
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BRIDGED ‘T’ 


ATTENUATOR 
Type 410-4B1 


10 steps, 4 db/step. 
Linear attenuation 
with detent. 2%” di- 
ameter, 2%” depth. 





BRIDGED ‘T’ 


ATTENUATOR 
Type 420-2B2 


20 steps, 2 db/step. 
Linear attenuation with 
off position and detent. 
2%" diameter, 2%.” 
depth. 
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POTENTIOMETER 
Type €C720-2A3 


20 steps, 2 db/step, 
tapered on last three 
i steps to off, composi- 
| tion resistors. 13/4” di- 
ameter, 13,” depth. 








SHALLCROSS 
These Shallcross Features ATTENUATORS 


Mean Better Performance — Shallcross variable attenuators have proved 
Better Value! their remarkable quietness and service- 

ability in dozens of applications for lead- 
ing users in all parts of the world. Such 
Off position attenuation well in excess important details as the use of spring- 
of 100 db. temper silver alloy wiper arms, ~~ alloy 
° ° ons collector rings and contacts, non-inductive 
~pveesdeaaieagaaanan precision ie, and sturdy, substantial 
movinting plates have made possible the 
high standard of performance attributed 


Noise level ratings that are factual. 
(130 db. or more below zero level.) 


Non-inductive Shallcross precision re- to Shallcross. 
sistors used throughout assure flat ai- Standard types include ladder and bridged 
tenuation to and beyond 30 kc. T mixer controls, bridged T and straight T 


master gain controls and V.U. meter multi- 
pliers, wirewound and composition potenti- 
ometers for grid control. Cueing attenua- 
tors, and fixed pads, both composition and 
wirewound. in all circuit configurations are 
also available. 


Types and sizes engineered for all 
needs. Attenuation accuracies of 1%, 
Resistor accuracies of 0.1%, on spe- 
cial order. 











Write for Catalog and Attenuator Specification Sheet. 


SHALLCROSS MANUFACTURING COMPANY 
Department A-78, Collingdale, Pa. 











— SLotterns — 
MORE ON TV 
Sir: 

Reference is made to your first edi- 
torial on page 6 of the April issue of 
Avupio ENGINEERING in which you invite 
comment on the proposal to publish ar- 
ticles on television. 

Kindly include me in the group of 
vour readers who have their bellies full 
of seeing too many articles on television 
in other technical magazines, and want 
no part of it in Aupio ENGINEERING, our 
only retreat at present. 

Magazine editors don’t seem to realize 
that there is a lot of America away 
from New York, and other metropolitan 
centers, where television is still just 
something they have “over East,” and 
which, to them, just crowds out other 
reading matter from their favorite 
magazines. 

There are many of us audio enthus- 
iasts who prefer to see something else 
on the agenda ahead of television for 
the masses. I refer to high quality AM 
programs, FM programs, and commer- 
cial phonograph records. None of these 
is available in most parts of the coun- 
try. Even wire recorder users are 
stymied in exploiting their new medium 
for lack of a satisfactory wide frequency 
range of program material. So let’s 
work for a better audio world for all 
before we give space for television ar 
ticles in Auplio ENGINEERING. 

Incidentally, how about more articles 
on commercial phonograph records? An 
enlarged section on classical recordings 
would be especially weleome so that 
more of the current record releases 
could be reviewed. Also, please give us 
an article or so on the making of rec- 
ords.* together with some information 
on such matters as cross-over frequen- 
cies used, amount of pre-emphasis used, 
highest usable frequencies, ete. 

P. C. Lutz, 
2006 Grasmere Drive, 
Louisville 5, Ky. 
*See this issue—and the other points will 
also be covered in detail soon.—Ed. 





WMBI-FM Increases Power 

Frequency modulation station 
WDLM in Chicago is now operating 
with eall letters WMBI-FM, accord- 
ing to new FCC regulations. The 
change went into effect June 11. 

WMBI-FM will be one of the first 
frequency modulation stations in the 
Chieago area to increase its power to 
50,000 watts, according to A. P. Frye. 
director of the radio technical denart- 
ment of Moody Bible Institute. This 
new wattage will become effective early 
next fall, while amplitude modulation 
station WMBI will continue to broad- 
east at 5,000 watts. 
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Several avenues of profit are open to you in Arnold 
Permanent Magnets. You can improve the performance 
and overall efficiency of equipment. You can increase 
production speed, and in many cases reduce both weight 
and size. And most important, you can maintain these 
advantages over any length of production run or period 
of time, because Arnold Permanent Magnets are com- 
pletely quality-controlled through every step of manufac- 
ture—from the design board to final test and assembly. 
You'll find them unvaryingly uniform and reliable in 
every magnetic and physical sense. 

It’s our job to help you discover and then fully attain 
these benefits. Arnold Products are available in all Alnico 
grades and other types of magnetic materials—in cast or 
sintered forms, and in any size or shape required. Our 
engineers are at your command—check with our Chicago 
headquarters, or with any Allegheny Ludlum branch office. 
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THE ARNOLD ENGINEERING CO. 
‘Subsidiary of ALLEGHENY LUDLUM STEEL CORPORATION — 


147 East Ontario Street, Chicago 11, Illinois — 
Specialists and Leaders in the Design, Engineering and Manufacture of PERMANENT MAGNETS 
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Experimental Germanium Crystal 


Amplifier 


WINSTON WELLS* 


Announcement of the Transistor, a germanium valve amplifier/oscillator devel- 
oped by Drs. John Bardeen and Walter Brattin of Bell Labs, is of such ex- 
traordinary importance that we have re-made this issue to include data on 
an experimental model constructed along Bel! Labs design by Winston Wells, 
from which characteristic Curves and the theory of operation were obtained. 


Such data could not be released by Bell Labs at this time. 


Further informa- 


tion will appear next month. 


crystals 
may be 


HE behavior of germanium 
used as amplifying valves 
explained as follows: 


The crystals used belong to the class 
“N” materials, in which the unidirectional 
conductivity characteristics are derived from 
imperfections in the crystal lattice, intro- 
duced by impurities in the material. In 
this specific instance, the germanium crystal 
contains small amounts of tin, interspersed 
between the germanium atoms in the cry- 
stal lattice. The germanium alone would 
have a normal basic conductivity dependent 


*307 E. 44th St., New York City. 


upon the capture and release of electrons 
in the “N” shell of the atom. The binding 
energy of the electrons in this outer shell 
is small, and we could expect saturation to 
occur at relatively low potentials. 

Between the inner and outer electron 
shells of the germanium atom there exists 
a zone whose force fields do not permit the 
existence of orbital electrons under normal 
circumstances. However, the proximity of 
the tin atom so distorts these force fields, 
that the four electrons from the “O” shell 
of the tin atom may circulate in this “for- 
bidden shell” of the germanium = atom. 
Now, these borrowed electrons have a high- 
er binding energy than do the four electrons 





Lower left: 





Experimental model of Bell Labs Transistor, 
a germanium crystal device which can am- 
plify and oscillate at frequencies up to 10 


mc. This extraordinary valve requires no 


vacuum nor heater yet produces power am- 
plification of the order of 100. Power output 
is approximately 25 milliwatts. 


in the “N” shell of the germanium atom 
and consequently require a greater potential 
difference between the contact and the cry- 
stal for their release. When the contact 
point is made sufficiently positive in rela- 
tion to the crystal, the orbits of these bor- 
rowed electrons expand, allowing them to 
come within the outer zone where conduc- 
tivity may take place. 

Conversely, as the potential of the con- 
tact is made negative, relative to the 
crystal, the orbits of the borrowed electrons 
shrink, placing them in a zone where they 
are no longer available for participation in 

[Continued on page 8] 


Author's germanium crystal amplifier valve (highly magnified). 


Tungsten contacts spaced .005 inch. Fig. | (left). Circuit of two-stage 
germanium crystal amplifier, based on Bell Labs Transistor design data. 
OUTPUT Electrodes are separated .002 inch and are each .00! inch diameter, Fig. 


2 (below). Average characteristics of author's experimental crystal valve. 

















AVERAGE CHARACTERISTICS 


Valve 8 
J, (ma) 
7 


Germanium Crystal 
laboratory designation: 
WG-—| 


GRID 
50 50 


I, (ma) 


40 40 
30 30 
20 


10 


! 1.5 2 
GRID VOLTS 


+25 | 1.5 
GRID VOLTS 
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CRYSTAL AMPLIFIER 


[from page 6] 


























conductivity. With sufficient suppression 
by means of increased negative potential g 7 
the point of contact, the current is reduced i 
to a point which may be explained by the 7 
intrinsic bulk resistance of the semi-cop. 
ductor as a whole. 
It is to be noted that these changes jp 
mode of conduction occur at discrete levels, 
dependent upon and proportional to the 
number of the eight possible electrons jp. 
| volved for each germanium-tin atom in com. F 
| bination. In other words, were we dealing b 
with but one atom of germanium combined t 
with one atom of tin, we would have byt 
eight steps of conductivity, ranging from ‘ 
HESE new Racon models mark another step forward in one to eight. However, the smallest point 
speaker and horn design. A pioneer in ‘scientifically de- of contact which is physically _ possible 
signed" audio units over twenty years ago, Racon is still involves several hundred thousand — such 
making history in this field. atoms and, since their energy states vary 

Do not be mislead by the fact that speakers and horns of according to statistical laws, we may expect ‘a 
various makes look alike. Under the surface of any Racon unit these transitions to vary. statistically jn 
there are “differences"—small physically but big from the practice, yielding the continuously changing 
standpoint of Performance! functions with which we are familiar. 

Whatever the application, you can be sure that these subtle 7 hie ; 
differences—built into Racon units by experienced audio Now it is clear that it will take a fairly 
engineers—will give you all-around performance and service of high potential to maintain a current flow 
outstanding superiority. between a negatively charged contact point 

and the crystal, since the borrowed electrons 
PERMANENT MAGNET HIGH FREQUENCY SPEAKER will be pushed down below the zone of 
activity, and only the outer electrons of the 
An efficient precision built Speaker, to meet germanium atoms will be participating. 
the latest requirements for wide range reproduc- ; ; ‘ 
tion. Designed to cover the frequency band up If, however, we introduce a second con- 
to 12,000 cycles. Supplied with horn having a tact point, in close proximity to the first, 
low cut-off at 750 cycles. When used in conjunc- and charge the second contact positively, 
tion with a suitable low frequency speaker and the borrowed electrons will again be elevat- t 
cross-over network will give audio reproduction ed to the active region, releasing about a 
at a new high quality level. Voice coil imped- twice as many for participation in conduc- bi 
ance !5 ohms. tivity. These newly released electrons may 
take part in the conductivity in the plate ’ 
circuit as well as the grid circuit . . . hence ce 
TWO-CELL HIGH FREQUENCY HORN their effect is that of modulating the cur- al 
rent flow of the plate circuit. ‘. 
Latest type of cellular horn with two cells, i Pee . 
specially designed for flush mounting in any It is apparent that the grid rg 
cabinet, giving distribution angle of 120° hori- have to be equal to, and_possib y exceed st 
zontal and 60° vertical. Has a %-18 thread the plate current in order that this effect ‘“ 
throat connection for a Racon standard high take place, but power amplification takes 
frequency unit, place by virtue of the fact that the grid 0 
voltage is many times smaller than the 0 
TWO NEW TYPES OF FILTER CROSS-OVER NETWORKS, place voltage, eme 
COMPLETELY ENCLOSED, EASILY MOUNTED ies ayaa o-ged ened dames 4 ti 
1. A simple Capacitive filter network with cross-over at Pan to erage plate cena a © ; 
1500 cycles. 4 ma. ut the impedance ratios w 
2. Resistive capacitive filter network with a cross-over at be such that an 0.3v grid voltage change is 
1500 cycles and permitting balancing of high response would produce a plate voltage change of W 
to low. 1.5 volts during this transition. Thus an 
input signal of 3 mw would yield an out- n 
NEW SMALL RE-ENTRANT HORNS put signal of 60 mw. 
Extremely efficient for factory inter-com and paging _ Several things are obvious about the de- u 
systems; for sound trucks, R.R. yards and all other indus- sign and operation of such an amplifier: x 
trial installations where high noise levels are prevalent. 1. That amplification can only take place te 
Watertight, corrosion-proof, easily installed. Two new where . . 
models—type RE-15, complete with Baby Unit, handles 25 Eglg/Eplp b 
watts, covers 300-6000 cps; type RE-12, complete with Dwarf is less than unity. Therefore, circuit efh- , 
Unit, handles 10 watts, has fre. response of 400-800 cps. ciency must be gained in two ways: (1) by 
Write for catalog describing complete line of making the electronic paths of the plate u 
Racon Horns, Speakers, Units, Accessories, etc and grid contacts through the crystal as ti 
isi is ‘is i me : nearly coincident as _ possible, consistent if 
RACON ELECTRIC Cco., INC with low cross current flow between the 
7 contacts themselves, and (2) by using the Ce 
52 EAST 19th STREET NEW YORK 3, N. Y. optimum step-down impedance ratio be: 0 
tween the plate circuit of one stage and ei 
the grid circuit of the following stage. us 
It will also be seen that these two fac- : 
tors are interrelated and may be expressed B 
by the formula: {| 
ZgZp/1g?I p* B 
[This discussion will be continued in an , 
article to follow, next month. —Ed.] 
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Fig. |. Front view of C.B.S. Edispot (editing-spotter) and auxiliary amplifier unit. The tape may be reeled forward and 
backward, the output of a pickup head located on the drum being reproduced through the auxiliary amplifier. With the 


tape stopped at a desired section, the drum may be rotated, so the head scans a short length of tape, continuously 
repeating the words in that section. The ouput may be viewed on a special oscilloscope, together with a marker "pip" 
keyed exactly as the head passes the ‘Mark" arrow. 


THE “EDISPOT' — 
A Spotting Device for Magnetic. Jape-£diting 


URING the recent British Royal 

Wedding, ©.B.S. broadeast a full 

on-the-spot account of the event 
that began at 6 am., E.S.T. To fit 
a tape-recorded rebroadcast into the 
broadcasting schedule at a more pop- 
ular listening hour, the original re- 
cording was edited to eliminate pauses 
and to condense generally the proceed- 
ings into a suitably-paced program. 

Where it will not obscure the sub- 
stance of the material, this editing 
technique is increasingly applied not 
only to special events coverage but to 
many day-to-day news shows, discus- 
sions, repeat broadeasts, ete. It is used 
to eliminate unsatisfactory portions of 
a recording, to shorten and improve 
coherence of previously recorded mater- 
ial or to obtain excerpts for inclusion 
with other material. One very com- 
mon everyday application is the re- 
moval of excess ah’s, and’s, er’s and 
uh’s from extemporaneous speech. In 
some cases a passage will be shortened 
to half its original length after the 
annoying and distracting pauses have 
been edited out. 

As has been pointed out,! one of the 
important advantages of the magnetic- 
tape recording process is its adaptibil- 
ity to the editing technique. The pro- 
cess of editing by direct splicing of the 
original recording medium enables a 
considerable saving in time, but to 


iets 
*Ceneral Engineering Dept., Columbia 
Broadcasting Co., New York, N. Y. 

‘H. A. Chinn, “Magnetic-Tape Recorders in 
Broadcasting,’ Avupio ENGINEERING, May 
1947, 
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RICHARD S. O'BRIEN* 
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fully utilize this advantage of magnetic 
tape recording, a rapid and accurate 
method for spotting or locating a de- 
sired cutting-point on the tape is re- 
quired, The C.B.S. “Edispot”, to be 
described, is a spotting device intended 
to accomplish this function. 

The Spotting Problem 

In handling recorded magnetic-tape 
material, a program director decides 
what editing work is required for the 
program at hand and makes an ap- 
propriate notation of timing and the 
nature of the operation to be per- 
formed. The person who performs the 
actual editing operation is then faced 
with the problem of precisely locating 
the indicated points at which the tape 
is to be cut and respliced. 

If one can afford to tie up a machine 
for the purpose, a cutting point may 
be located approximately by playing 
the tape back on an ordinary recorder/ 
playback machine. The desired section 
may be located by timing the play- 
back at normal speed or by referring 
to a special time scale applied directly 
to the tape reel. A decal transfer which 
was especially made by CBS to fit an 
early type of tape reel is shown in Fig. 
2. When, by one of these means, the 
desired section of tape is reached, the 
editor listens to the words on the tape 
several times and attempts to stop the 


1948 


tape at the correct point. Of course, 
after the tape has been stopped, there 
is no longer any indication of where 
the words are located on the tape. At 
best, this procedure leaves considerable 
chance for error and it has often been 
necessary to make several cut-and-try 
splices. That the cutting point must 
sometimes be very carefully located is 
demonstrated by one case where an “r” 
was removed from the word “stream- 
er”, which was spoken in error, to make 
the correct word “steamer”. Usually, 
a less delicate operation is involved but 
in all cases a means is desired for pre- 
cisely and quickly spotting the cutting 
point. 

If magnetic recording is compared 
to motion-picture film sound recording, 
it is noted that the two techniques are 
similar in employing a _ continuous, 
linear medium. However, it is im- 
mediately apparent that film sound 
track has the advantage, from the edit- 
ing point of view, of being visible— 
the word locations may be seen even 
though the medium has been brought 
to a stop. One method for making 
“blind” magnetic-tape competitive on 
this seore would involve a_ direct 
inking of the word envelopes on 
back of the tape. This process, how- 
ever, would require an extra proces- 
sing of all tape through a special 
marking device, would involve ink-dry- 
ing problems, would not be equally 
usable on paper and plastic tape and 
would so mark the tape that the feature 
of re-use for later recordings would wk 
lost. 





| 
| 














Fig. 2. Reel of magnetic tape with spe- 
cial decal-transfer time scales. The left- 
hand scale provides a center-out scale 
useful on recorder take-up reels; the 
right-hand scale may be used to ap- 
proximately measure time. 


The C.B.S. “Edispot” incorporates a 
second method for making the recorded 
material visible and, in fact, makes it 
possible to both see and hear the re- 
corded material 





with the tape stopped! 
In this system, a short length of tape 
is scanned repetitiously by a moving 
playback head. The tape may be moved 
along so that any group of words 
throughout the recording may be 





Fig. 3. View of rotatable drum on C.B.S. 
“Edispot" unit showing the magnetic 
pickup head at about I! o'clock posi- 
tion and the "Mark" arrow. 



















































































scanned, The words being scanned 
are reproduced on a loudspeaker and 
are simultaneously presented as a 
visual image of the “sound-track” on 
a cathode-ray oscilloscope. As will be 
described, means are provided for use 
with both the aural and visual presen- 
tations whereby a desired cutting point 
may be brought into exact alignment 
with a reference mark on the machine. 

in considering the design of a 
machine to accomplish this scanning 
process, it was determined that from 
2 to 6 words should be reproduced to 
obtain sensible visual and aural pre- 
sentation. Much of the material sub- 
jected to editing is spoken at 2 to 4 
words per second, so that a length of 
tape corresponding to about 1% sec- 
onds should be scanned. Thus, on 
tape recorded at 7% inches per second, 
11% inches of tape must be scanned. 
It should be noted that at higher tape 
speeds, the scanning problem is some- 
what different. For example, a_re- 
cording speed of 30 inches per second 
would require that almost four feet of 
tape be scanned! Of course, at the 
higher speeds, the words are further 
apart so that a cutting point can often 
be located by simply scanning and 
listening to the beginning or end of a 
key word.2 There have been ample in- 
dications that adequate fidelity will be 
achieved at the slower tape speeds 
where the scanning technique can be 
utilized to full advantage to facilitate 
the editing process. 

The C.B.S. ‘‘Edispot”’ 

An experimental model of the spot- 
ting device being described is shown 
with an auxiliary amplifier unit in 
Fig. 1. This unit incorporates a flex- 
ible single-knob controlled tape drive 
system, tape-driven, resettable “tim- 
ers”, and a motor-driven rotating 
drum on which the magnetic pickup 
head is mounted. In operation, the 
tape may be reeled in either direction 
at speeds up to five times normal, a 
desired section being located by noting 
the readings on the timers. The tape 
may be slowed to normal speed in order 
to monitor the actual word content, 
the drum being held stationary under 
these conditions so the pickup head is 
in contact with the tape. When a de- 
sired section is reached, the tape is 
stopped and the drum set into motion 
causing the head to scan the length of 
tape lapped over the drum. The tape 
may be jockeyed back and forth, either 
by using the tape drive or by hand, to 
exactly align the desired cutting point 


‘ 


2R. H. Ranger, “A Magnetic-Tape Record- 
er for Movies and Radio”, Electronics, 
October 1947. 
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with the “mark” arrow, which is show 
more clearly in Fig. 3. 

In this experimental model, the 
tape-drive employs a series motor oy 
each reel spindle. The single knob 
located in the lower left-hand corner 
of the panel controls the speed of these 
motors and actuates associated brak. 
ing and clutch solenoids in proper 
sequency depending on which diree. 
cion the control is turned from tg 
center “stop” position. A toggleswitch 
to the right of this knob provides 
brake release to enable hand manipula- 
tion of the reels. The tape drive jg 
characterized by rapid reversal of tape 
motion, fast braking, controllable speed 
in either direction, reasonably uniform 
speed for a given coatrol setting—al] 
with single-knob control of the entire 
system. 

Two timers are provided so that one 
may be used to measure off prescribed 
lengths of tape from the supply ree] 
(left) while the other is used to totalize 
the tape built up on a “program” take- 
up reel (right). 
adapted from clock gear trains to 
be driven from the tape itself by means 
of rubber-tired pulleys (located below 
each timer) adjusted to give the cor- 
rect length to rotation ratio for the 
normal tape speed. The timers thug 
give a reading in minutes and seconds 
which is correct for the original re- 
cording, regardless of the speed at 
which the tape is driven on the editing 
machine. The timers may be _inde- 
pendently reset to any desired reading 
by means of a small knob to the left 
of each dial. 


These timers were 


The scanning drum is independently 
driven by a synchronous motor, con- 
trolled by the toggle switch located be- 
low and to the left of the take-up reel. 
Seanning is normally done with the 
tape stopped but the tape and drum 
drives may be run simultaneously, if 
desired. The scanning drum is made 
of metal, aluminum in this case, rather 
than of plastic to avoid the generation 
of a static charge on the tape. The 
pickup head is surrounded by a double 
Mu-metal magnetic shield to reduce 
hum pickup from the motor fields. The 
pickup head output is taken off on 
slip-rings and transmitted at low im- 
pedance to a special transformer-input 
preamplifier in the amplifier cabinet. 
An arrangement for blanking out the 
audio output by shorting the pickup 
head over a short interval of the scan- 
ning period is included and may be 
turned on or off by means of the toggle 
switch located at the right side of the 
panel. 


Several features of the general lay- 
out of the editing machine are worth 
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noting. The tape reels are placed 
vertically so that the tape will pass 
over the drum in a flat and easily 
accessible position. This facilitates 
marking and makes it extremely easy 
to remove the tape for splicing and to 
rethread it on the machine. The reels 
are held on their horizontal spindles 
by spring-locked holding clamps as 
used on movie rewind equipment. 
Reels may be put in place or removed 
very easily. Where several reels are 
being used, the broad top of the editing 
unit cabinet provides a handy place to 
put those temporarily set aside. The 
reel spindles are purposely placed so 
the reels overhang the cabinet slightly, 
providing a comfortable grip for hand 
jockeying of the tape into position. 
The tape drive (forward if from left 
to right) and the threading on supply 
reels (coated side in) and take-up reels 
(coated side out) correspond to the 
arrangement of the recording equip- 
ment currently used. In _ general, 
though bearing the usual laboratory- 
model characteristics of being overly 
heavy and larger than necessary, the 
experimental “Edispot” incorporates a 
number of features which adapt it to 
operational use in magnetic-tape edit- 
ing. 
Applications 

Use of the “Edispot” and the asso- 
ciated special visual and aural align- 
ment techniques can be described by 
considering a simple hypothetical edit- 
ing problem. Suppose, that in a hur- 
ried interview, the interviewer had 
made an introduction as follows: “T 
should like to introduce Mr. Smith. 
Democratic, I beg your pardon, Repub- 
lican candidate for the office of Mayor” 
The editing problem here is to remove 
the words, “Democratic, I beg your 
pardon.” The editing man would 
locate this section of the tape by using 
the timers and monitoring the actual 
words. The scanning drum would 
then be started and the tape jockeyed 
forward and backward until the gap 
between the words “Smith” and 
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“Democratic” was properly aligned 
with the “Mark” arrow. 

The time and word location relation- 
ships applying to the section of tape 
scanned are shown in Fig. 4. The 
drum rotates at a constant speed such 
that the magnetic pickup head travels 
along the section of tape at the normal 
linear recording speed. ‘The material 
on the tape between points ti and ts 
is reproduced, and in the present ex- 
ample would be spaced as shown on 
the accompanying time scale. A visual 
display of the tape content is obtained 
by applying the pickup head output to 
the vertical deflection circuits of a 
eathode-ray oscilloscope. The oscillo- 
scope sweep is triggered at time ti, by 
means of a cam-switch driven from the 
rotating drum shaft. At time ta, a 
sharp “pip” is obtained from the action 
of a second cam switch and is mixed 
with the audio output signal applied 
to the oscilloscope. In the resulting 
display, shown in the photograph of 
Fig. 5, the position of the “pip” on the 
oscilloscope pattern corresponds exact- 


ly to the position of the “Mark” arrow 
relative to the actual content of the 
tape section. The operator can thus 
see the words he is hearing and in ad- 
dition can see exactly where they are 
located. An ineorrect alignment may 
be easily recognized as in the case of 
Fig. 6, where the same tape has been 
shifted slightly to place the “pip”, and 
the “Mark” arrow, in the middle of 
the word “Democratic”. 

As the scanning rate is quite slow, 
the period ti to ta being about 1% sec- 
onds, an oscilloscope having a triggered, 
slow-speed sweep is required. Also, an 
extremely long-persistence phosphor 
screen must be used to retain the 
image over the scanning interval. The 
photographs shown here were made 
with a commercial laboratory-type 
oscilloscope. For an operational edit- 
ing machine, a_ simplified combina- 
tion listening/viewing unit would be 
required. 

It has been found that an alternate 
method for accomplishing correct align- 


[Continued on page 46} 


Fig. 5 (left). Oscilloscope visual display of portion of a demonstration sentence, showing marker "pip" correctly aligned 
between the words "Smith" and "Democratic." Fig. 6 (right). Oscilloscope visual presentation as in Fig. 5 but with tape 
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shifted slightly to show incorrect alignment with marker "pip" falling in the midst of the word "Democratic." 
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Making Phonograph Record Matrices 


Presenting, for the first time in any magazine, complete data on this subject. 


HE manufacture of phonograph rec- 
ord matrices is a process of which 
engineers are unin- 
formed. It is a thankless process, for it 


most sound 
ean contribute nothing to the fidelity or 
quality of a record. At best, it can only 
reproduce what is present on the original 
acetate master; but if the process is 
faulty it can add surface noise, distor- 
tion, erackling, and grittiness to the 
finished record. Furthermore, there are 
as many variations on it as there are 
processing plants. 

recording and 
sound production make it possible to 


Recent advances in 
reproduce on records the entire audible 
sound spectrum. Yet in many cases the 
entire upper range is obliterated or dis- 
torted by the application of obsolete 
methods in the processing of acetate 
It is important, therefore, 
that the recording engineer understand 
what the acetate master 
recording after it leaves his studio. He 
must know if the quality of his work is 
suffering from outmoded methods of 


pre wessing. 


masters. 


becomes of 


Stampers 
The function of 
galvano phase of the phonograph in- 


the processing or 


dustry is to provide from the original 


acetate master a number of dies or 
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stampers which contain faithful “negn- 
tive images” of the recording which in 
turn are placed on record presses. Two 
of these stampers, negatives of the two 
sides of a record, are placed on the 
platens of record presses facing each 
other. A heated “biscuit” of compound 
is placed between them and the platens 
come together, are quickly heated ani 
cooled by steam and water circulating 
through them; then separate, leaving a 
molded record which bears the imprint 
of the stampers. Since the ‘stampers are 
negatives, i.e., they contain ridges in- 
stead of grooves, the records are posi- 
tives. A last for 2000 
pressings, and the problem is to produce 


stamper may 
a large number of identical stampers 
from one acetate master. The sequence 
of steps to accomplish this involves the 
making of a master, mother and stamp- 
er.! This sequence will be outlined first 
and then treated in detail. When the 
master is received, a microscopically 
thin layer of silver or gold is applied 
to the surface in order to make the dise 
electrically conductive. this is 
accomplished, the master is put through 


Once 
a series of electroplating and electro 
forming tanks which deposit a layer of 
\Howard A. Chinn, “Glossary of Disc-Record- 
ing Terms,” Proc. I.R.E., Vol. 33, No. 11 
(Nov. 1945). 


Fig. |. Nickel tanks in background and copper pre-plate in foreground. 


metals, chiefly copper, on the gold or 
silver film. This electro-deposited meta] 
layer is about .050 or .060 inches thick, 
This metal plate is then separated from 
the master and it is an exact negative of 
the dise. It has ridges where the master 
had grooves and vice versa. This plate 
is ealled the metal master, and once it 
is obtained the acetate master is dis- 
carded, for it is frequently damaged 
when small pieces of acetate adhere to 
the metal master in separating. Where 
a small number of records is required, 
it is common practice to machine this 
master so that it may be put directly on 
a record press. It will be readily seen 
that since the metal master is a nega- 
tive, it can produce positive records, 
but once it is worn out another acetate 
master must be furnished. When the 
metal master is utilized in this fashion, 
it is called a “master-stamper” or 
“strike off.” 

Generally, the master is 
processed to one or more mothers. This 
is accomplished by coating the face of 
the master with a combination of chem 
icals which allow the surface to be elee- 
trically conductive; and which allows 
the subsequent electro-deposited metal 


however, 


to be separated from the master at the 
chemical film. When the separating 
chemicals are applied, the master is then 

















put through the electroforming tanks 
again until a heavy layer of copper is 
formed on its face. This layer is then 
separated from the master. It is a posi- 
tive, since it again contains the grooves 
of the original acetate master, and in- 
deed, it may be played as an ordinary 
record. This positive plate is called a 
mother and a number of mothers may be 
made from one master. 

The mother then goes through 1 
similar series of operations and the 
plate separated from the mother is a 
negative which is called a stamper. A 
number of stampers can be made from 
each mother. In general practice, ap- 
proximately six plates are made from 
ancther although it is possible to make 
many more. The stampers are then 
given an infinitely thin layer of chrome 
for hardness and the periphery machined 
to fit on the record presses. 

Thus it is seen that by the process 
outlined above a pyramid of plates is 
formed with one master at the apex and 
a number of stampers at the base. In 
this manner it is possible to produce 
many thousands of records from one 
acetate master. 

Metalizing the Master 

When the acetate master is received 
it is given careful inspection and the 
guide holes are plugged. It is then pre- 
pared for its initial microscopically thin 
coating of metal. If it is to be silvered, 
it goes through a series of cleansing and 
sensitizing steps, the most important of 
which is the application of stannous 
chloride, which is the last step prior to 
silvering. If all the stannous chloride 
is not washed off, tiny black specks will 
appear in the film of silver where the 
silver combined with the stannous chlo- 
ride to form silver chloride. Plating wil! 
be poor on these black spots, which are 
a common cause of loud clicks in 
records. 

The actual silvering solution contains 
two basic chemicals, silver nitrate and 
ammonium hydroxide. In some eases. 
other chemicals are added which control 
such factors as the speed of reaction and 
the thickness of the film of silver. 

The silver is reduced from the ionic 
state to the metallic state by dextrose or 
formaldehyde. The reducing solution 
and the silver solution are poured on 
the sensitized acetate. The acetate is 
agitated in a tray to insure complete 
and uniform precipitation. 

In some plants, a cathode sputtering 
process is used. The acetate is place in 
a vacuum chamber which contains two 
electrodes, one of which is a gold sheet. 
A high potential is placed across thie 
electrodes, and under these conditions 
the system acts similar to a cathode-ray 
tube. There is a flow of ions of gold 
from anode to cathode which is deposit- 
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ed on the acetate, forming a thin layer 
of gold. This process is used chiefly on 
transcriptions. 

Both these methods are a vast im- 
provement over the old system of pro- 
viding the initial conducting layer by 
applying a coating of powdered graphite. 
This obsolete system contributed con- 
siderably to the surface noise which is 
characteristic of older records. 

Research still continues in this phase 
of the process, and considerable progress 
has been made in spraying the original 
metallic film on the acetate. 

Pre-plating 

In most plants after the plate receives 
its initial film of silver or gold, it is then 
put through a copper pre-plate or cop- 
per priming bath. (See Figure 1.) The 
purpose of this bath is to provide a 
smooth base deposit of copper which 
will allow plating at a higher current 
in the next step. After the plate re- 
ceives its prime layer of copper, it is 
then put in the copper forming tanks 
where it plates at a higher current until 
a copper deposit of sufficient thickness 
is built up. When it is put into this 
tank, a rubber ring prevents plating 
on the back of the acetate, which would 
be a waste of copper, and plating on 
the edges, which would make it difficult 
to separate the metal master from the 
acetate master. With a ring of proper 
design, separation can be accomplished 
by a tap with a file. When the plate 
is separated, it is given a very thin coat 
of nickel. If the silver or gold film 
is unstained and of uniform texture, 
the nickel is applied directly. If this 
is not the case, the silver or gold is re- 
moved before the nickel plate. 

Tn plants using more advanced meth- 
ods a better procedure is followed. After 
the initial film of silver or gold, the 
acetate master is put in the nickel plat- 

ing tank where a thin coat of nickel is 
applied. It then goes into the copper 
prime and copper forming tanks. Upon 
separation, the metal master has its 
layer of nickel directly beneath the film 
of silver. 

The advantages of this second method 
are apparent. There is no distortion 
beeause the nickel is a faithful repro- 
duction of the layer of gold or silver. 
In the first case this is true only of the 
master upon separation. When thie 
nickel is applied, it is plated directly on 
the music lines. It is readily seen that 
this changes the shape of both the lands 
and the grooves. The heavier the coat- 
ing of nickel, the more the distortion. 
Moreover, the amount of distortion in 
this method increases with frequency. 
At low frequencies, the thickness of the 
plated layer of nickel is small compared 
to the wavelength on the record. How- 
ever, at high frequencies where the 
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Fig. 2. Effect of plating in high-speed 
system without rubber ring on edge 
of plate. 


wave-length is very short, the thickness 
of the nickel layer is appreciable by 
comparison. This causes serious distor- 
tion and is the chief factor preventing 
the manufacture of high fidelity records 
from a wide range acetate master. If an 
acetate is to be processed in a plant 
using this obsolete method it is point- 
less to record the entire audible spect- 
rum. It is the recording engineer’s re- 
sponsibility to see that his masters re- 
ceive adequate processing, because he 
is generally judged by the quality of 
the finished record. 


Polishing 

In some plants the master receives no 
nickel at all. From the standpoint of 
fidelity, this omission makes no differ- 
ence, but it does introduce other con- 
siderations. In the first place, records 
made from copper masters are generally 
not as bright as those made from nickel. 
This sheen is transferred from plate to 
plate and finally to the record. The 
second consideration is that of corros- 
ion. A copper master oxidizes as time 
passes and frequently the only way to 
remove the stains caused by oxidation is 
to polish them out, the polishing is the 
cardinal sin of processing. 

The types of polishing compounds in 
use today range from violent abrasives 
which are used in commercial plating, 
through jeweler’s rouge, to commercial 
liquid polishes. They all detract from 
fidelity and impart surface noises in the 
degree that they are abrasive. This step 
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Fig. 3. Detail view 
of high-speed 
plating head de- 
signed by author 
showing compact 
arrangement of 
insulated coupl- 
ing, collect- 
or ring, and thrust 
bearing under 
gear head motor. 


must 


be eliminated from processing 
plants if uniform production of quiet 


and high fidelity records is to be 
achieved. 

Under a microscope, the concentric 
streaks and scratches caused by polish- 
ing compounds and polishing brushes 
can be seen and appraised. In some cases, 
polishing not only scores the walls of the 
grooves, but actually wipes off the crests 
of the higher frequency sine waves. 
Where the walls are scored, surface 
noise and grittiness occur. Where the 
wave shape is altered, distortion occurs. 
In some eases, where the very highest 
audible frequencies are recorded, a 
range where the acetate master is em- 
bossed as well as it is cut, it was 
possible by excessive polishing, to wipe 
those frequencies right off the plate 
It is the real bogey man of processing. 

In those plants which do employ 
polishing, it is done frequently in the 
process. The master is polished first 
before processing it to mother. The 
mother is polished before being proc- 
essed to stamper; and the stamper is 
polished twice, once hefore chroming, 
and secondly, before it is put on a press. 
It is only the surface noise contributed 
by the inherent grittiness in shellac 
compound that covers up these process- 
ing noises and in many eases it is still 
audible. 

Electro-cleaning 

There are two ways of circumventing 
this difficulty. The first is possible only 
in very small plants. This is to process 
each plate individually, immediately 
upon the completion of the preceding 
steps. In this way no plate is allowe:l 
to dry, stain, or oxidize; but this obvi- 
ously is impractical. The second meth- 
od is employed in the more progressive 
plants. It is called electro-cleaning. 
Instead of abrading the face of the 
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record, as is done in mechanical polish- 
ing, the plate is immersed in a bath 
of boiling potash and electrically bom- 
barded by ions.. This is a point for re- 
cording engineers to insist upon in their 
processing. It will serve to bring those 
plants which polish mechanically around 
to electro-cleaning. 

One of the finer points in processing 
coneerns the treatment of the film of 
silver on the master after it is separated. 
This film adheres to the metal master 
and it is the front surface only of this 
film which is the exact image of the 
acetate master. The copper or direct 
nickel is plated on the back surface of 
the silver. Hence, even the direct nickel 
master or plain copper master is distort- 
e! to the extent of the thickness of the 
silver film. Since the film is micro- 
scopically thin, the distortion resulting 
from the removal of the film of silver 
is negligible. However, in cases where 
a targer number of lines per inch is 
used as in some transcriptions, the ratio 
of the thickness of the film of silver to 
the thickness of the groove becomes a 
consideration, and the silver must be 
left on the master. If our master has 
escaped the pitfalls of processing so far, 
let us follow it through until a mother 
is taken from it. 

Nickel-plating 

The heart of any processing plant is 
the nickel tank and the processes which 
treat the plate prior to its immersion 
in the nickel tank. The actual coin- 
ponents of the nickel plating solution 
vary from plant to plant. Some plants 
use commercial solutions like “Brite 
Nickel” or “Watts-Nickel.” Some plants 
modify these to their own needs, and 
others have developed baths used only in 
this process. These: baths operate under 
different conditions in regard to tem- 
perature and current density; and im- 





proper operation results in a multitude 
of difficulties: pitted nickel, peeling 
nickel, excessively soft nickel, porous 
nickel and stained nickel, to mention a 
few, which cause trouble in the quality 
and appearance of a record. In addition 
to the basic ingredients of his nickel 
bath, the current, and temperature, 
the plating chemist must carefully 
watch the ph of his bath. The ph is an 
index of the acidity of the bath. If the 
value of the ph is wrong, many of the 
above-listed difficulties will be encoun- 
tered even if all other factors are con- 
trolled. Finally, if the ph and these 
other factors are proper, unless the bath 
is filtered frequently, apparently inex- 
plicable troubles will still oecur due 
to the presence of foreign matter in 
the bath. 

Separation Process 

The process of preparing a plate for 
separation is a critical one. Separating 
technique and chemicals vary as widely 
as the nickel bath. A good separating 
phase should be simple and _ versatile. 
By versatile, the implication is that a 
nickel plate can be plated on a nickel 
one, a copper plate on a nickel one, or 
a nickel one on a copper one, and have 
them all separate when the time comes. 
In some cases, poor separation treat- 
ment will cause a plate to separate from 
another while it is still plating or makes 
it impossible to separate the plates at 
all. Both are platers’ catastrophies. 

In no phase of the process is tech- 
nique more important. Not only are the 
mixtures of the chemicals which are 
applied important, but also the time 
in the solution is critical—within a sec- 
ond. An inopportune drop of water, or 
touching the face of the plate at the 
wrong time, leaves a stain or a spot 
where the plate won’t plate or won't 
separate. 

Those plants which employ modern 
techniques plate nickel to nickel. In 
the case of the direct nickel master, in 
a modern plant, it is electro-cleaned 
and then given to a plater. The plater 
gives it a final chemical cleaning by 
dipping or gentle brushing, and applies 
his separating chemicals in careful se- 
quence. The plate is then put in the 
nickel tank where nickel is plated on 
the molecularly thin separating film. 
From the nickel tank it goes to the cop- 
per prime and copper forming tanks, 
and when it is taken from the copper 
forming tank where it is plated with a 
rubber ring around it (Fig. 2), a 
mother with a nickel face is separated 
from the master. This positive mother 
is eomplete and requires no futher 
plating. 

At this point in many plants, the 
mother is centered and played with a 
counter-balaneed arm and cactus needle. 
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If there are any clicks or damages, they 
are earefully engraved out by a highly 
killed engraved. 


Copper Mother 

However, in many plants the process 
of direct nickel plating has not been 
mastered. In these plants, after the sep- 
arating steps, the master is put through 
the copper prime and copper forming 
tanks and a copper mother is separated. 
The same considerations hold for the 
copper mother regarding fidelity and 
eorrosion as held by for the master. If 
the copper mother is put through to a 
stamper, there is no loss in fidelity but 
there is a loss in brightness and a danger 
of corrosion. Therefore, most plants 
don’t use direct nickel which then plate 
nickel on the face of the mother, fur- 
ther distorting the sound on it. This 
procedure is then repeated when a cop- 
per stamper is taken from the nickel 
mother. 

This indirect nickel process is grad- 
ually disappearing in the processing 
industry and it is being replaced by the 
direct nickel procedure in all cases but 
that of the master. Most plants. still 
cannot plate nickel directly in silver, 
and therefore they make a copper master 
which they nickel plate. Those who know 
how to keep the nickel from splitting 
and peeling off the silver keep the secret 
to themselves. 

The making of a stamper from a 
mother entails the same procedure and 
considerations outlined above; but a dis- 
cussion of the subsequent machining 
steps, and the quality of the copper, 
hinges on the type of equipment used 
in the copper forming phase. The evolu- 
tion of the equipment may be sum- 
marized as follows: agitation is the key 
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Fig. 4. Pilot model of 
high-speed rotary cathode 
copper plating system 
showing plating tank, filter 
pump, and sump _ tank. 












to faster plating. In a still bath it is 
possible to plate a 12’ plate at about 
20 amperes. By placing a moving paddle 
between the copper anode and the plate 
which is the cathode, it is possible to 
raise the current to about 30 amperes. 
If the cathode is swung or rocked in 
the bath the current can be raised to 
40 and while this is 
going on, if a jet of air is allowed to 
bubble between the cathode and anode, 
plating currents can be raised as high 
as 50 amperes. 

This seemed to be the limitation until 
a system was devised for rotating the 
eathode while plating it. Early equip- 
ment designed on this principle had the 
cathode suspended on an_ acid-proof 
pulley by a rubber belt which was slowly 
rotated by a shaft above the tank. The 
plate comprised the face of the pulley, 
and the outer edge of the pulley which 
fitted around th plate, had a track to 
accomodate the belt. Electrical contact 
to the plate was achieved by a flexible 


dd or amperes ; 


wire which rode against a spindle in the 
middle of the plate as it hung vertically. 
It was seen that higher currents could 
be achieved if the plate were rotated 
faster, but under that physical set up, 
the plates became mechanically uncon- 
trollable in the bath. The next develop- 
ment saw the plates fastened to a rotat- 
ing copper spindle which held it face 
down in the solution. The upper end of 
the spindle was attached to a gearhead 
motor by an insulated coupling, and 
by a slip ring arrangement, the rotat- 
ing spindle carried current down to the 
cathode (Fig. 3). To prevent that part 
of the spindle that was in the solution 
from plating as a cathode, it was insul- 
ated. This method increased the current 
limit to about 90 amperes, but still the 
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quest for higher speed pdating went on. 

Burned copper resulted when any of 
the previously mentioned limiting cur- 
rents were exceeded. The high current 
causd this burning when the copper ions 
in solution were plated out onto the 
cathode faster than they could be re- 
placed. Agitation stirred this solution 
and quickly replenish the area close 
to the cathode. Finally rotary agita- 
tion reached its limits and other means 
of replenishment had to be found. This 
problem was solved by injecting fresh 
solution from a sump tank between the 
anode and rotating cathode and finally 
directly at the cathode (Fig. 4). The 
overflow solution went back to the sump 
tank. 

With this method, the rotary cathode, 
jetted solution, it is now possible to 
plate at 200 amperes and above. At this 
rate a plate can be produced in 3 to 5 
hours, depending on the desired thick- 
ness. 


Plating Quality 

The factors determine the 
quality of copper are the current den- 
sitv, the temperature of the solution, 
the the solution. 
The higher the current the tougher the 


which 


and ingredients in 
copper, while the converse is true of 
The 
of the copper bath are copper sulfate and 
sulphurie acid. A common mixtuure is 
about 32 0z/gal of copper sulphate and 
6 o0z/gal of sulphurie acid. In higher 
speed plating, the acid content is raised 
to increase the conductivity of the bath 
and since this higher acid content allows 
less copper sulphate to be in solution, 
its content must be reduced. 

In lower speed plating, since the cur- 
rent is so low, it is difficult to get the 


temperature. basic components 


























































tough springy copper of its high speed 
counterpart. Therefore, many plants 
which utilize low speed equipment resort 
to organie addition agents to correct 
this deficiency. Molasses, Casein, phenol- 
sulphonic acid, and even commercial 
preparations are used. Since these ad- 
dition agents break down in the bath, 
analysis is difficult; and therefore, con- 
trol. The bath will behave properly for 
a long period of time and finally the 
breakdown products accumulate to the 
extent that they impair the plating. 

The result may be soft copper or it 
may be brittle copper. Sometimes the 
bath can be cleared up by filtering, but 
frequently it must be dumped. Addition 
agents and their control are among the 
guarded secrets of the various plants 
using low speed equipment, while most 
plants using high speed equipment have 
dispensed with this problem. 

The mechanical properties and the 
appearance of the copper in the masters 
and mothers is of little importance. 
However, the stamper must be machined 
to fit a press where it will be subjected 
to pressures varying from 25 tons in 
toggle presses to 70 tons in hydraulic 
presses. If the copper is too soft, the 
stamper will spread and flow under 
pressure until the music lines are not 
concentric. If the copper is brittle, the 
stamper will crack or break in the press. 


By the proper control of current, tem- 
perature, and ingredients of the bath for 
any physical copper forming system, 
copper with good mechanical properties 
can be deposited. 

From the standpoint of machining to 
fit a press, it is most economical to plate 
as nearly to the desired 
specifications as possible. Most plants 
prefer flat stampers .038” thick. Some 
plants prefer them about .025” and 
others prefer a tapered stamper where 
the the O. D. is .010” thicker than 
the I. D. 

In normal plating, the electrical lines 
of force concentrate on the edges of the 
plate. The increase of current there 
causes more deposition and ultimately 
a tapered stamper. Those plants which 
use tapered stampers have the platens 
on their presses crowned so that a 
stamper lying on this crown has its taper 
taken up. 

However, most plants do not utilize 
tapered stampers they are 
difficult to produce uniformly. This dif- 
ficulty is overcome by plating a suffi 
cient time so that even the thinner cen 
ter of the plate exceeds the maximum 
thickness desired. This thicker, tapered 
stampered is then placed on a suction 
chuck lathe, face forward. The plate, 
held by a strong vacuum pump to the 
perforated face of the chuck, is rotated 


the stampers 


because 


i 


- 


Fig. 5. Footpress 
with center gauge 
and turntable in 
foreground. Hy- 
draulic center 
punch out press 
with dies in back- 


ground. 





while a cutting tool traverses its back, 
cutting off the excess copper and a 
perfectly flat plate of any desired thick. 
ness is produced. 

It is apparent that this is a highly 
uneconomical, although a widespread 
practice. Not only is all the copper 
wasted which is cut off by the lathe, 
but also valuable time is taken while it 
is being initially plated. 

To overcome this waste a method was 
developed which eliminated the taper 
vaused by a concentration of electrical 
lines of force on the edges of the plate, 
A baffle was placed between the anode 
and cathode. This baffle had a round 
aperture smaller than the diameter of 
the cathode. This effectively masked 
th edges of the plate and produced vir- 
tually flat stampers. The backs of these 
stampers were then sanded to remove 
any small knobs or growths on the 
copper. 

Chrome Plating 

In most plants, prior to machining, 
the stamper is chrome plated. Chrome 
plating is a compromise. The purpose 
of chrome plating a stamper is to give 
it better wear-resisting properties in the 
press. Yet chrome plating must be done 
on the music lines. 
known at present to 
chrome stamper because no has 
been developed to plate on top of 
chrome. The normal chrome plate on a 
stamper is about .0003 and again a neg 
ligible factor in distortion. 

In general, chrome plating is not a 
problem in the processing plant. The 
components of the bath are chromic and 
sulphuric acid and they are usually 
present in a ratio of 100:1. Unlike the 
previous plating steps described, chrome 
plating is the only one which actually 
takes the metal out of the 
without having the anodes replace it. 
In a chrome plating installation the 
anodes are lead and are present only for 
electrical purposes, while in copper and 
nickel plating the anodes are of the 
respective metals and they desintegrate 
as they plate out into the bath. 

The chief trouble poor chrome plating 
causes is a surface noise brought about 
by a condition called “crazed” chrome. 
Under a magnifying 
chrome is seen to be a network of tiny 
eracks which resembles in pattern the 
skin of an alligator. These cracks cause 
a surface noise in the record, and also 
chip further while the record is played. 
This will cause the rapid disintegration 
of a record in comparatively few play 
ings. 


There is no way 
make a direct 


way 


solution 


lens “erazed” 


Centering 
When the stamper is chromed and 
back turned or sanded as 
above, it is ready to be cut to the inner 
[Continued on page 42] 
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WIRED MUSIC SYSTEM 


ARTHUR R. O'NEIL,* and HERBERT G. COLE 


IRED MUSIC, that is, trans- 

mission of music from a central 

source to outlying Consumers via 
telephone or other wired systems, has 
become increasingly popular in recent 
years. From an engineering  stand- 
point it presents several interesting 
problems, principally, anticipating pro- 
gram and customer requirements in 
order that requirements do not out- 
grow the equipment, selecting the pro- 
per class of telephone service in order 
to offer high-fidelity service, and feed- 
ing these lines with a constant level. 
If a customer is to be sold a service of 
this type it must practically sell itself, 
since its most powerful virtue is its 
This listenability, then, 
must come from a properly designed 


listenability. 


system plus intelligent programming. 
Requirements 

Initially, at least three program 
channels would be required. With 
three channels it would be possible 
simultaneously to transmit three types 
of background music; e.g., danee mus- 
ie, semi-classical, classieal, or any 
other combination which may be de 
sired. A variety of program “breaks” 
may also be permitted. Three channels 
would then require a minimum of 
three turntables and it was decided to 
purehase four in order that one be on 
hand for a spare or to work with one 
of the other tables to provide two 
tables in use on a single channel. Each 
channel should have twelve multipled 
outputs with rack space reserved for 
future expansion. All equipment must 
be terminated in jack strips to facili- 
tate testing. A small eonsole located 
in the center of the four tables was 
thought to provide greatest ease in 
operation. This eonsole must house 
the monitoring facilities and the gain 
control for each channel. Limiting 
amplifiers were included to assure the 
maximum level would not be exceeded 
and the customers ears assailed with 
irritating peaks or blasts. 

Let us first consider the number of 


eee) 
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lines that must receive the program. A 
survey of requirements shows that 
average customer requirements extend 
from twenty to as high as eighty lines 
for cities the size of South Bend. 
Initially then, if jacks are to be used 
for patching, two jack strips or twenty- 
four lines would suffice. Jack space 
must be provided for future expansion 
to possibly ninety-six lines. 
Connection from the amplifier to 
the lines offers two problems: main- 
taining an impedance match, and main- 
taining constant level when lines are 
inserted or removed. Several  pos- 
sibilities offer themselves but perhaps 
the most economical in all respects is a 
system of bridging transformers. Each 










































Operating 
turntables 
of wired 
music 


system 





line should be totally isolated from 
others by means of individual trans- 
formers in order to avoid possible in- 
teraction between lines should trouble 
develop on one. This isolation and 
matching of gain and impedance can 
be accomplished through the use of 
bridging transformers. We were quite 
fortunate in securing a miniature 
bridging transformer providing a 500- 
ohm secondary and a 40 or 80-thou- 
sand ohm primary at very low cost. 
These transformers are high-quality 
units, flat within reasonable limits 
from 30 to 15000 eyeles. Twenty-four 
transformers were mounted on a strip 
with the 500 ohm side terminating on 
the telephone terminal and the 80- 




















tlousand ohm side terminating in a 
jack strip. 
Line Amplifier 

The line amplifier is terminated in 
a 500-ohm resistor and also multipled 
to a jack strip containing twelve out- 
lets. Each jack has an_ 80,000-ohm 
resistor connected across it so that it 
appears to the amplifier as an 80,000- 
ohm load. When a patch cord is in- 
serted to make a connection to a line, 
this resistor is lifted and the trans- 
former substituted therefor. Al- 
though this precaution may not be 
entirely necessary at this stage when 
more lines are added, these loading 
resistors will become increasingly im- 
portant in maintaining the level pre- 
sented to the lines. Each line is fed 
at plus 8 VU but, due to the loss 
through the transformer bridging con- 
nections, the output at the amplifier 
must be approximately 30 VU. A sep- 
arate provided and 
loaded with a 60-ohm resistor for the 


transformer is 


level indicators located on the operat- 
Here the isolation could 
have been provided through the use of 
resistors but, inasmuch as the trans- 


ing console. 


formers were on hand, it was decided 
to use these and thus simulate actual 
line conditions for metering. 

Here a word might be said about the 
It is as 
convenient to design a system such as 


required frequeney response. 


this to have a response reasonably flat 
from 30 to 15000 eyecles as to have it 
cut off at some lower frequency; 
therefore, a flat response was decided 
upon with provision for changing the 
response from flat to a lift at either 


Fig. |. Circuit diagram 





600 N 





BRIDGING 
a MON 
$00 
Hr i 
80,000 
R 
80,000 4 FOR 
nr EACH LINE 
TO 
CONSUMER 


42 PER CHANNEL 











Fig. 2. Expanded diagram of amplifier 
output to line. 


end if the final analysis proved this 
necessary. 

The telephone company informed us 
the service they furnish to wired music 
organizations would be good to at least 
5000 eyeles, depending, of course, upon 
line length. While broadeast quality 
lines could be obtained the response 
they guarantee is not necessary nor 
the extra rental cost warranted. Some 
difficulty is experienced in these days 
of overloaded telephone circuits in 
getting lines to all locations; however, 
this situation will probably be correct- 
ed as the phone companies complete in- 
stallation of new facilities. Although 
response to 5000 eyeles is guaranteed, 
the response has been found to be much 
better than this on lines of short 
length. 
one line to be down only three db at 
10,000) eyeles. 


A measured response shows 


of wired music installation. 
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The line amplifier! used in this jn- 
stallation furnishes sufficient level to 
supply plus 8 VU to the line. It jg 
driven by a limiting amplifier? which 
levels off excessive peaks and prevents 
a sudden loud burst of musie should 
the operator have her gain control 
opened too far. The operator gain 
control is connected on the input to 
the limiting amplifier. The turntable 
amplifier? located in the turntable feeds 
to the input of this gain control. 

The operating console houses three 
VU meters, one across each channel, a 
gain control on the output of each turn- 
table (4), and a gain control for each 
monitor input (3). 

The gain controls terminate on the 
jack strips but are normalled through 
to the inputs to limiter amplifiers one 
to three inclusive. The fourth turn- 
table output is not normalled through 
but is available from the jack strip for 
insertion where required. The monitor 
gain control normals through the out- 
put of each channel but may be patched 
should the necessity arise. 

Customer Service 

Installation of equipment in the 
establishment of a wired music cus- 
tomer has been generally patterned 
after an ordinary public address  in- 
stallation. Since installations are so 
varied, no attempt will be made here to 
suggest a pattern to follow. Basically, 
an installation is to provide “back- 
ground music” and no speaker should 
be so placed as -to furnish high level 
music to a restricted area but must be 
placed to provide a constant level at 
all points in an installation. In most 
cases, ordinary public address ampli- 
fiers are used. The level available to 
the input of the amplifier is generally 
approximately zero decibels, which 
means the microphone stage of the 
amplifier is not required. Some ampli- 
fiers can be purchased without this 
stage and this is the ideal arrangement. 
However, for existing installations, ad- 
dition of a pad and a_line-to-grid 
matching transformer have been quite 
satisfactory. 

No matter how much eare is_ put 
into the point of origination the real 
suecess of a wired music enterprise is 
in getting an installation to please the 
customer and in getting programming 
which furnishes pleasant “background 
music.” 

High-fidelity response, or a response 
that furnishes the full range delivered 
by the transeription used, has not 


[Continued on page 47} 
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Fig. |. The high-fidelity, high-quality amplifier and its power supply. 


30-Watt High-Fidelity Audio Ampli 


CURTISS R. SCHAFER* 
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A general-purpose medium-power amplifier of broadcast quality. 


HWE LOW-MU TRIODE AMPLIFIER en- 

thusiausts are at it again, and in 

view of the impractiecability of 
some of the designs that have been 
offered within the past few years, the 
author would like to point out a few 
fundamental requirements that must 
be met by a truly high fidelity ampli- 
fier which also ean furnish sufficient 
power to “fill” a small auditorium, for 
Joudspeaker testing, or for driving a 
wax or acetate cutter. These basic 
requirements are: 

1. Sufficient power output and 
gain. 

», Low listening fatigue, which is 
primarily insured by low intermodula- 
tion distortion.?»+ The distortion pro- 
duets should result only from second 
and third harmonies instead of the 
higher order harmonies usually gen- 
erated in beam-power tubes. Single- 
frequency harmonic analysis is useful 
only in determining some of the oper- 
ating parameters of the tubes and 
transformers involved. 

3. Good transient response, which 
results in a particularly clean-cut re- 
production of speech. Whistling con- 
sonants are evidence of parasitic oscil- 
lations on peaks. The specific factors 
responsible for good transient response 
are (a) good high-frequency response, 
(b), low phase rotation,“ (¢), low 
internal impedance as seen by the 
loudspeaker or cutting head, and (d), 








*Stromberg-Carlson Co., Rochester, N. Y. 
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low hysteresis distortion, especially at 
the higher frequencies, in any trans- 
formers that may be involved. 


It should always be remembered that 
we are not dealing with sine waves in 
the reproduction of speech and music. 
This is important in the matter of 
phase rotation, for instance; two sine 
waves out of phase still add up to a 
sine wave, but two waveforms con- 
taining harmonics, and out of phase, 
add up to a new and different wave- 
form which does not resemble either 
of the originals. Excessive phase shift 
in an amplifier sounds like high inter- 
modulation distortion, and produces 
excessive listening fatigue. 


4. Good inpul vs. output linearity. 
This demands that each voltage ampli- 
fier stage be capable of supplying sev- 
eral times the actual voltage required 
to drive the following stage. 


5. Reliability, ruggedness and ease 
of servicing, both with regard to locat- 
ing the faulty part and replacing it 
easily. This calls for the use of oil- 
filled or oil impregnated condensers, 
hermetically sealed transformers and 
chokes, resistors which do not get 
noisy with age and/or temperature 
variations, and tubes which are of 
simple design structurally, have their 
elements well braced, and do not have 
close grid-to-cathode spacing. Close 
element spacing offers the probabilities 
of high microphonism, grid emission 
and wide variations in electronic para- 


1948 


meters with small variations in tube 
veometry. Glass envelope tubes usual- 
ly have a lower gas content than metal 
envelope tubes. In addition, glass 
tubes are an aid to rapid servicing, as 
iu bright spot on a cathode, a gassy 
rectifier, or an open filament are easily 
noticed. 


Design 

With these elementary considerations 
in mind, we began the design of an 
amplifier. After a year of loudspeaker 
listening and testing with amplifiers 
rated at 10, 15, 20, 30, and 40 watts 
output, it was decided that an output 
of 30 watts with less than 5% total 
intermodulation distortion was re- 
quired. We felt that this output 
should be obtained with triodes rather 
than beam power tubes: first, because 
the absence of a feedback loop would 
result in a simpler and more easily 
serviced amplifier; second, because the 
higher order harmonies generated by 
beam-power tubes (running up through 
the tenth) were considered undesirable, 
even though relatively low in ampli- 
tude. The value of distortion selected 
is so low that we felt we could ignore 
it when the amplifier is used in listen- 
ing tests. 


The output triodes were selected 
from a list of the following types: 50, 
2A3, 6A3, 6B4G, 6A5G, GASTG, 3C33, 
RJ-563 and DRJ-564, and 300A. The 
first five of these belong to the same 
generic type, the GA5G being a heater- 
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Fig. 2. Complete schematic of the 30-watt high-fidelity audio amplifier. 


cathode type which is no longer avail- 
able. The 2A3 is best of the four re- 
maining in this group from the stand- 
point of hum. However, a 30-watt 
output from this type requires either 
(a), the use of four tubes in a push- 
pull parallel arrangement, which makes 
hum balancing difficult, or (b), the use 
of an automatic bias circuit for two 
tubes,*> which we felt was undesirable 
from the point of view of tube aging 
in the bias circuit and the increased 
difficulty of servicing the bias circuit. 
In addition, we wished to operate our 
output tubes class A all the way, in- 
stead of going into AB operation at 
The 6AS7TG was 
rejected plate 
dissipation per section is only 13 watts, 
which is less than that of a 2A3 (15 
watts), and also because its construc- 
tion necessitates the use of self-bias. 
The RJ-563 and DRJ-564 are West- 
inghouse types, and either would be an 
excellent choice except for their rela- 
tively high cost ($15 and $25 net, each). 
The RJ-563 has a mu of 3.8, a plate 
resistance of 800 ohms, and a maximum 


ten or fifteen watts. 


because its maximum 


DRJ-564 has a mu of 3.8, a plate resist- 
ance of 400 ohms, and a maximum 
plate dissipation of 100 watts (maxi- 
mum plate current 400 ma). 

A single 3C33 compares very favor- 
ably with a pair of 2A38s, except that 
it is easier to drive, having a mu of 
11. Its maximum plate dissipation is 
15 watts per section, it has a heater- 
type cathode, and a peak cathode cur- 
rent rating of 500 ma_ per 
Again the drawback is one of price, 
which gives a very low watts-per-dollar 


section. 


ratio. 

We finally selected the Western 
Electric 300A (or 300B) as the tube 
It has a mu of 3.8, a plate 
maximum 


we wanted, 
resistance of 700 ohms, a 
plate dissipation of 40 watts, and a 
power output of 17.8 watts as a single- 
tube class A amplifier, with the second 
and third harmonics down 21 and 30 
db. respectively.2 In a push-pull stage 
the second would be almost completely 
cancelled out, of course. The single 
plate assembly, as opposed to the dual 
plate assembly of the current produc- 
tion of 2A8s, makes hum very easy to 
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formity of characteristics makes it 
unnecessary to balance the plate cur- 
rents by means of a bias adjustment 
for each tube. 

The output selected 
gave excellent form at forty 
watts output, particularly at the ends 
of the range we wished to cover, 20 
eps. and 20 ke.!® It provides a_plate- 
to-plate load impedance of 4000 ohms 


transformer 
wave 





300A and 300B Vacuum Tubes 


5.0 volts 
1.2 amperes 


Filament voltage 
Nominal filament current 
Amplification factor 3.8 

Plate Resistance 700° ohms 
Grid-plate transconductance 5500 micromhos 
Maximum plate voltage 450 volts 
Maximum plate dissipation 40 watts 
Typical operation, Class A single tube 


amplifier: 

Plate voltage 450. volts 
Grid bias -97 volts 
Plate current 80 ma. 
Load resistance 2000 ohms 
Power output 17.8 watts 


Second harmonic 21 db. down 
Third harmonic 30 db. down 





into secondary loads ranging from 2 
to 600 ohms. We had early decided 
on designing an amplifier that would 
give full power output (not down 1 or 
2 db) at thirty cycles, because we 
wished to use organ transcriptions in 
some of our listening, and we were sur- 
prised at the number of output trans- 
formers whose waveform became very 
bad at 30 eyeles, and also above 10 ke. 

The grid-to-grid driving voltage re- 
quired for the 3800As is 180 volts peak, 
which is easily supplied by a pair of 
763 in push-pull operating into a 
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mumetal cored interstage transformer, 
of the author’s own design, with a 
stepup ratio of 1:2. The UTC LS-22 
could just as well be used here. The 
76 tube will handle almost 50% more 
driving voltage than the 6J5 or 6C5. 

The amplifier is push-pull all the 
way; second harmonic distortion is 
pretty well down, and less plate sup- 
ply filtering is required than for sin- 
gle-ended stages. The first stage uses 
Western Electric 347As, which gener- 
ate very low values of hum, micro- 
phonics and fluctuation noise.!! The 
1603 triode connected is an acceptable 
substitute. 

A variation of the Thordarson de- 
generative tone control circuit is used, 
because it will (a) handle a fairly high 
value of input signal, (b) give a 1:1 
voltage “gain” even in the flat response 
position, and (c) introduce no measur- 
able harmonic distortion of its own. 
Here again, 1603s triode connected may 
be used in place of the 6C5Gs. 

Two 45-volt batteries, Burgess 5308 
or equivalent, were selected as being 
the most reliable and economical source 
of bias voltage. No current is drawn 
from them, and from previous exper- 
ience the author has found that they 
are good for about two years before 
their voltage begins to drop at all. 
The power supply circuit is conven- 
tional throughout. The 5R4GY was 
selected for rectifier service because its 
voltage ratings are high, it is economi- 
eal of filament power, and electrolysis 
at its lead-in wires proceeds at a much 
slower rate than it does in the 5Z3 or 
5U4-G. No electrolytics are used. 

Figure 1 is a photograph of the 
amplifier, with its power supply chassis 
at the right. Eight-prong Jones plugs 
and sockets are used for inter connect- 
ing the two, with a four prong Jones 
plug for the speaker. A four-prong 
socket is also provided on the power 
supply chassis so that heater and 
plate supply power may be taken for a 
pre-amplifier or tuner. The 10 uf 
1000 volt input filter is made up of 
the five 2 wf 1000-volt cylindrical cans 
on the power-supply chassis. The out- 
put transformer is at the left rear of 
the amplifier chassis, and the east case 
holding the two bass tone control 
chokes is between the 76s and the 
6C5s. Metal 6C5s were used at the 
time the picture was taken, but 6C5-Gs 
are used in their places now. The two 
dual 50,000-ohm tone control poten- 
tiometers are manufactured by Trefz. 
The 847As are shown at the right 
rear, just this side of the input trans- 
former. 

Figure 2 is a schematic of the am- 
plitier, and Fig. 3 of the power supply. 
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Figure 4 shows the voltage sensitivity 
and excellent linearity of the ampli- 
fier, and Fig. 5 shows the intermodula- 
tion distortion as read on an Altec 
Lansing intermodulation analyzer. The 
frequencies used were 40 eps and 12 
ke. Total hum and noise are 75 db 
below maximum rated output. With 
the tone controls in the “flat” position, 
the frequency response at 30 watts 
output is uniform within 2 db from 
30 eps to 25 ke, with almost all of this 
variation taking place above 15 ke. 
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Fig. 4. Voltage sensitivity graph. 


The tone controls provide a maximum 
of 8 db boost at 50 eps and 10 db boost 
at 8 ke. No bass or treble attenuation 
is provided, as it has been the author’s 
experience that such attenuation is 
rarely if ever used. 

Listening tests, comparing this ampli- 
fier with 15, 30 and 40-watt amplifiers 
of well-known manufacturers, have 
confirmed the low distortion and excel- 
lent transient response of this design. 
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—This Month — 


PRESTO MOVES 


On May 15 the Presto Recording Corpo- 
ration completed the moving of factory lab- 
oratories and general offices from New 
York City to their recently completed plant 
at Paramus, N.J., located seven miles from 
New York City on Route # 4, via the George 
Washington Bridge. Mail must be addressed 
P. O. Box 500, Hackensack, N. J. 


The new plant, employing approximately 
250 people, is adjacent to Presto’s other fac- 
tory that is used exclusively for the produc- 
tion of Presto Recording Discs. 
SUMMERFORD JOINS MID-AMERICA 

D. C. Summerford has resigned from the 
position of Assistant Technical Director of 
radio station WHAS to accept a position as 
Technical Director for Mid-America Broad- 
casting Corporation of Louisville, Ky. now in- 
stalling a new 5000 watt station. 
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etting the Most Out of 
A Reflex-Type Speaker 


BENJAMIN B. DRISKO* 


Design data, constructional ideas, and simple tests for this type of loudspeaker. 


HE so-called “bass reflex” or acous- 

tical phase inverter provides one 

solution to the loudspeaker mount- 
ing problem. To those whose available 
space or funds do not permit the more 
cumbersome exponential horn it may be 
made to provide considerably more uni- 
form response than any simple open- 
backed cabinet and, with a little care in 
the adjusting procedure, will give less 
hangover than almost any other type of 
mounting. 

The minimum requirements for uti- 
lizing the following procedure are: 1. A 
suitable loudspeaker of the direct radia- 
tor type and an accurate knowledge of 
its resonant frequency. 2. Some lumber, 
preferably plywood and a medium 
amount of carpentry skill. 3. Some 
acoustical absorbing material; ordinary 
carpet lining is very satisfactory. 4. A 
small step function signal generator; a 
number 6 dry cell is eminently satis- 
factory and a flashlight cell will do. 
Hangover 

If one excites the voice coil of the un- 
mounted speaker with constant current 
at variable frequency and measures the 
voltage at the voice coil terminals, one 
finds usually a pronounced rise at some 
point, generally between 40 and 100 
cycles for ordinary speakers. Also it will 
be noted that the amplitude of the dia- 
phragm motion is a maximum at this 
frequency. We are observing the pri- 
mary resonance betwéen the mass of the 
diaphragm or cone, the voice coil and 
other moving parts and the stiffness or 
restoring force provided by the spider. 
surround, ete. If the impedance curve is 
carefully plotted, the frequencies of the 
half-power points may be noted and the 
Q of the vibrating system computed 
from the quotient of the resonant fre- 
quency by the half-power 6 and width. 
It will usually be found that this Q is 
between 4 and 8, and in an infinite baffle 
will usually drop to about half its free 
air value. Since critical damping corre- 


*160 Central St., Hingham, Mass. 
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sponds to a Q—0.5 it is easy to see why 
this type of speaker is prone to hang- 
over, 

By analogy we may compare the above 
state of affairs to a series LC circuit 
By this 
sume analogy the retlex enclosure, which 
is really a Helmholtz resonator driven 
by the back of the cone, is an anti- 


which is said to be resonant. 


resonant circuit similar to a parallel LC 
combination. This is a step in the right 
direction toward reducing the effective 
Q of the system, both by detuning it 
and by the added radiation resistance 
of the port of the bass reflex enclosure. 
If one now repeats the above impedance 
plot with the speaker in such an en- 
closure he finds two frequencies where 
the impedance has a peak on either side 
of the original resonance peak. If the 
resonator has been tuned to the same 
frequency as the diaphragm, the two 
peaks will be about equal in magnitude 
and both will have much lower Qs than 
the infinite baffle. If the tuning is slight- 
ly in error, one of the peaks will be 
higher than the other and will have a 
higher Q, which, for purposes of this 
paper is undesirable. With no sound- 
absorbing lining in the box, the damp- 
ing will still be much less than critica] 
and one is apt to find little sharp peaks 
in the impedance curve at frequencies 
for which some inside dimension is a 
multiple of a half wavelength. 

The anti-resonant frequency of the 
Helmholtz resonator may be computed 
from the formula f=2070 (A%/V%) 
where A is the area of the port in square 
inches and V is the volume of the box in 
cubie inches. The design is still indeter- 
minate inasmuch as there are an infinite 
number of boxes of different volumes, 
each with a suitably sized hole and al! 
resonant at the correct frequency. One 
limitation may be placed by the follow- 
ing. The resonator frequency formula 
is only good where the maximum dimen- 
sion is small in comparison with the 
wavelength. If we interpret small to 
mean between 





1/3 and 1/10 we come 


out about right. Another rule, this time 
empirical, is that the area of the port 
should be beweeen 1/4 and 1 times the 
area of the diaphragm. This results in a 
4 to 1 latitude for size and it is doubtful 
if you could tell the difference )be- 
tween any two within those limits. It 
is considered good practice to keep the 
shape of the box somewhere near a cube. 
If the depth, width and height are in 
2-3-4 proportion a fairly satisfactory 
product results, both acoustically and as 
a piece of furniture of convenient size. 

A sample computation follows: Let’s 
say that we are starting with a 12” 
speaker whose active diaphragm area is 
82.6 in.2 and whose resonant frequency 
is 70 eyeles. We decide to make the port 
about 3, of the diaphragm or 60 in.? 
This gives a 6 x 10 opening which will 
look well below a 10144” speaker mount- 
ing hole. Rearranging the resonator for- 
mula 


2 
2070 
(27°) ve 
or, for our hypothetical case. 


2 
V= (=. \/60 = 6770 cubic inches 


If 2x, 38x and 4x are the depth, width 
and height respectively of our box, then 
the volume —24x*—6770 and VY —6.56 
and our box comes out to have inside 
dimensions of 13144" x 1934" x 2614”. 
This is not an inconvenient size, so let’s 
go on from there. 


Building the Baffle 

The next step depends upon your skill 
as a carpenter. It is probably in order 
to make some sketches to see how much 
larger than the above inside dimensions 
you have to cut the various pieces to 
get the proper overlap at the corners 
and also to most economically utilize 
the available lumber. As to thickness. 
there is a fair amount of latitude. 5%" 
to 34” plywood is considered good prac- 
tice and yet one made out of 14” ply- 
wood for a dancing teacher who wanted 
it very portable showed no serious mis- 





AUDIO ENGINEERING JULY, 1948 





ill 


ler 








behavior. It, of course, had to have 
corner blocks for structural reasons. 
While you’re in the sketching depart- 
ment, lay out some furring strips, any- 
thing from 14"xl4" to 1” x 1” will do, 
and sufficient in quantity and sizes so 
that all six inside faces of the box can 
be covered with the carpet lining, hair 
felt, rockwool or whatever you choose, 
but attached by means of the furring 
strips so that there is a dead air space 
behind each piece of felt, between the 
felt and the inside of the box and as 
thick as the furring strip. This takes a 
bit of doing and may be done in a va- 
riety of ways. Be guided by how much 
the thing will have to be handled and 
bumped around, inclining toward a 
minimum volume of furring strips and 
labor but being sure to get the inside of 
the box pretty well covered and to have 
the dead air space between the lining 
and the box. The purpose of all this is 
to further reduce the Q and hopefully to 
achieve critical damping. 

It is also considered good practice to 
have the port as close to the speaker 
hole as possible. The reasons are a bit 
obscure, the principal one being to have 
as near a point source as possible. At 
this point it might be well to digress 
for a moment and discuss the final loca- 
tion of the whole outfit. The details are 
much too long to go into here, but it 
has been shown with the very best scien- 
tific rigor that a corner of the room is 
by far the best place, and by corner we 
mean really in the corner with no air 
spaces between the sides of the box and 
the walls and floor. This necessitates 


some elaborations in case there is a pro- 
jecting base board. But it pays. 

There is, however, another alternative. 
The whole box may be elevated to the 
upper corner of the room, between the 
two walls and the ceiling. Furthermore, 
since the speaker is fairly directional in 
the upper register it would be desirable 
to have it pointing in the general direc- 
tion of the listeners. This calls for a 
five-sided platform with the cater-cor- 
nered side pointing down the long dia- 
gonal of the room. For reasons that are 
not too clear, by far the best-sounding 
reflex type speaker which has come to 
my attention was of this construction 
and, furthermore, it was noticeably bet- 
ter up against the ceiling than down on 
the floor. The port was in top end of the 
box top when it was on the floor (the 
bottom when it was up against the ceil- 
ing) which brings us to the reason for 
the digression. If you can talk yourself 
into a corner location for the cabinet 
as a whole, then there is some precedent 
for locating the port anywhere you 
choose, but if the speaker must sit in the 
middle of a flat wall, then it may be 
wise to keep the port on the same side 
as the speaker and closely adjacent 
thereto. 

Tests 

Let us now suppose that you have the 
reflex cabinet completed, the speaker 
mounted and leads coming out at some 
appropriate spot. Procure the d-e signal 
generator, namely one 11% volt dry cell 
and attach one voice coil lead to one 
terminal. Touch the other lead to the 
other terminal and alternately make and 


break the cireuit a few times. A mo 
ment’s experimenting will indicate 
whether the lead and the battery ter 
ininal are clean enough to give a sharp, 
instantaneous make and break. This is 
important. If either make or break 
sounds seratehy, try seraping the con- 
tacts or better still, if you have a tele- 
graph key handy, use it instead. A plain 
knife switch might do, but a switch 
that makes an audible click will not 
do unless you can have an assistant 
do the clicking for you at some remote 
point so you do not hear the switch 
click. 

What you should hear on both make 
and break may best be described as a 
“hong.” It is more than an instan 
taneous click, inasmuch as it has a re 
cognizable pitch. If there is a piano 
near-by you could, in a few tries, find 
the note that matches it. The motion 
of the diaphragm and/or air is not 
yet critically damped. In pulse circles, 
this is called “ringing,” a most satis- 
factory word. This ringing can be cure:l 
by application of the proper acoustic 
resistance to the port. So far as I know, 
the rules have not yet been worked 
out—from here on in yow’re on your 
own and its strictly cut-and-try. 

It may well be argued that you should 
hear ringing anyhow unless you are 
in an anechoie chamber, because even if 
the speaker is perfect, the acoustic click 
producd by the speaker will excite the 
room in one or more modes and you will 
hear the room ring. To these secoffers 
I hasten to point out that the evidence 


[Continued on page 41] 


Control console for an auditorium studio at C. B. S. KNX, Hollywood. Although some of the network's largest and 
most complicated programs originate from this point, it has been possible by careful design to keep the number 
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Telephone Recording 


E. W. SAVAGE? and S. YOUNG WHITE? 


PART Il — Methods of overcoming difficulties encountered in this new form of recording. 


HE recording of all types of two- 
way telephone conversations, so 

they may be reproduced at maxi- 
mum intelligibility, presents extremely 
complex problems in the correction of 
signal intensity variations. 

To begin with, the over-all range of 
intensities which must be anticipated 
is quite wide—of the order of at least 
60 db. The shifts in signal from one 
intensity level to another may be fre- 
quent, very fast, and unpredictable. 
Under such conditions, it is obviously 
impractical to rely solely on manual 
means to effect the necessary gain con- 
tro! adjustment. Consequently, some 
automatie gain 
essential in any telephone 
amplifier. Provision, in such 
inatie for wide-range correc- 
tion within time— 
particularly where the principal energy 
components of the speech signals han- 
dled are in the 200-500 e.p.s. frequeney 


control is 
recorder 


form of 
auto- 


means, 
split-seconds of 


is no mean task. 





range 
Further complications arise because 
the intensity variations, which must be 
corrected during a two-way telephone 
conversation, occur at unpredictable 
times, and vary in degree and dura- 
tion. Unlike the human monitor at a 
broadeast studio, the automatic moni- 
tor in present-day telephone recorders 
is not supplied with an advance “cue 
sheet” indicating exactly when adjust- 
ments must be made. Therefore, the 
automatic control cannot properly go 
into action until affer the signal which 
it must correct, has actually originated. 
This limitation poses the difficult ques- 
tion: How long should the time delay 
be’ Regardless of the time constant 
chosen, whether it is slow or fast, some 
form of undesired distortion is bound 
to result. This is axiomatic where the 
control is applied “after the fact” in- 
stead of “before the fact”. Therefore, 
any time constant used is a compro- 
mise, rather than an ideal. Two pop- 
ular a-v-c systems for telephone re- 
cording later in this 
article, They operate at a time con- 
stant of approximately .04 second. 


are described 


+Box 408, New Canaan, Conn. 
+7+Consulting Engineer, 52-12 Van Horn St., 
Elmhurst, L. 1., N. Y. 
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The third problem with telephone 
recording stems trom the relatively 
limited over-all signal intensity range 
which the sound track, itself, will 
accept without over-modulation and 
without submersing the speech signal 
in surface noise. This range is of the 
order of 25 db; not 25 db just any- 





cam 
TABLE | 
Relative Phonetic Powers and Relative Fre- 
quency of Occurrence of the Fundamental 
Speech Sounds as Produced by an 
Average Speaker 





Rela. Freq. Relat:ve 
Sound Key Occurrence Phon. Power* 
i tip 7.94 260 
n 7.24 36 
t ius 15 
r 6.88 210 
0 ton 5.02 510 
s 4.55 16 
d 4.31 7 
a tap 4.17 490 
e eat 3.89 220 
| 3.74 100 
e ten 3.44 350 
th then 3.43 ll 
a top 3.33 600 
z 2.97 16 
m 2.78 52 
k 2.71 13 
a tape 2.35 370 
V 2.28 12 
W 2.08 *¢ 
p 2.04 6 
f 1.84 5 
b 1.81 7 
h 1.81(No Fig. Available) 
6 tone 1.63 70 
i tool 1.60 310 
i dike 1.59 ** 
6 talk 1.26 680 
ng hang .96 73 
sh shell 82 80 
g 74 15 
u took .69 460 
y 60 ** 
ou our 59 e¢ 
ch chalk 52 42 
j 44 23 
th thin 37 l 
ew few 31 ** 
oi oil 09 ** 
zh azure 05 20 


*The value of 1 is .05 microwatt-power of 
the weakest sound th, as in thin. 

**Values for diphthongs not given, but they 
have the same power as the vowels 
which compose them. 

Material in this table is based on Tables 10 
and 13, pages 74 and 84 of the book 
“Speech and Hearing,” by Dr. Harvey 
Fletcher, of Bell Telephone Laboratories, 
published by D. Van Nostrand Co., Inc. 


where on the intensity scale, but a 95 
db range having fired values for jts 
upper and lower limits. As a result 
of this limitation, the speech signals 
which originally may occupy a 60 db 
range must be compressed into a 95 
db range and then shot with William 
Tell accuracy through a 
which is at a fixed height 
“floor” of the intensity scale. 


“keyhole” 
from. the 


Toll Circuits 

Still another problem is created by 
the transmission characteristics of mes- 
sage toll telephone circuits, which 
attenuate the higher speech frequency 
components that are so essential to the 
full articulation of consonant sounds. 
To counteract this condition, some 
recorders—not all—provide amplifica- 
tion with rising response at the upper 
region of those frequencies which a 
telephone transmits. Although such 
systems yield higher intelligibility in 
telephone recording than flat response 
systems, they are still far from being 
entirely satisfactory. They make no 
discrimination between the vowel 
which inherently have high 
energy components in the frequency 
regions which are “boosted,” and the 
consonants, whose components in those 
same regions are inherently of low 
energy value. Often, therefore, the net 
result is that the vowels are “banged” 
out in such fashion as to impair recog- 
nition of adjacent consonants. Also, 
such selective frequency “boosting,” 
when indiscriminately applied to both 
voiced and unvoiced sounds alike, neces- 
sarily imparts an unnatural quality to 
the voiced portions of the reproduced 
speech. This may account, in_ part, 
for the reluctance of telephone com- 
panies to employ such means for im- 
proving intelligibility at the sacrifice 
ot “naturalness” of the voice, which, 
understandably, they seek to preserve 
in transmission. 


sounds, 


Thus, with telephone recording, we 
have two main eategories of signal in- 
tensity correction which must be made: 
1—Correction as between general levels of 

signal intensity. 


2—Correction as between the intensities o/ 
the individual sounds, themselves, which 
go to make up the general levels. 
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The first type of gain adjustment 
makes it possible to hear the speech. 
The second, properly accomplished, 
will make it possible accurately to 
recognize What is being said. 

Mr. White, later in this article, de- 
seribes two automatic gain control 
systems currently being used in tele- 
phone recorders to effect Category 1 
corrections. In the intervening space, 
which is indeed limited for the discus- 
sion of so complex a subject, I should 
like to touch briefly on certain aspects 
of Category 2 corrections, with the 
suggestion that present methods of 
making such corrections might be im- 
proved upon. 

Sound Intensity Corrections 

Sixty per cent of the energy in speech 
is in those frequency components which 
are below 500 e.p.s. The fundamental 
frequency range of the vocal cords is 
of the order of from 90-310 e.p.s. 
Therefore, the bulk of the energy in 
speech comes from those sounds which 
require use of the vocal cords—namely, 
the voiced sounds. 

As will be seen in 7'able I, the energy 
present in the wnvoiced sounds is but 
a small fraction of that found in the 
majority of the voiced sounds. There- 
fore, the voiced sounds contribute the 
greatest weight to the establishment of 
a general level of speech signal inten- 
sity; not alone because of their pre- 
dominance in numbers and in individ- 
ual strength, but also—in the case of 
vowels—because of the relatively longer 
time period which their sounding 
oceupies. 

In the light of these facts, it is 
obvious that merely lifting the gener- 
al level of speech intensity will not, in 
itself, insure that the important, but 
inherently much weaker, unvoiced 
sounds will in every case be boosted to 
the point where they, too, are perfectly 
intelligible. 

It is not proposed that the unvoiced 
sounds be amplified to a degree where 
their reproduced strength would ap- 
proximate that of the louder vowels. 
In such a procedure the cure would 
probably be more distasteful than the 
disease. Rather, what is recommend- 
ed is that means be explored which will 
enable selective amplification of the 
unvoiced sounds, independently of the 
voiced sounds. The objective of such 
a system is to provide a wider correc- 
tion for three forms of attenuation to 
which the unvoiced sounds often fall 
heir in passing from the lips of a 
speaker, into the telephone transmitter, 
and thence over transmission lines to 
the recorder amplifier. 

The first two forms of attenuation are 
imposed by the speaker, himself, who 
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TABLE Il 
Relative Phonetic Powers and Relative Fre- 
quency of Occurrence of the Unvoiced 





Consonants 
Rela. Freq. Relat:ve 
Sound Occurrence Phon.Power* 
t 7.13 15 
~ 4.55 16 
k 274 13 
p 2.04 6 
f 1.84 5 
h 1.81(No Fig. Available) 
sh 82 80 
ch 2 42 
th wot 1 
21.79 


*The value of 1 is .05 microwatt-power of 
the weakest sound th, as in thin. 

Material in this table is based on Tables 10 
and 13, pages 74 and 84 of the book 
“Speech and Hearing,” by Dr. Harvey 
Fletcher, of Bell Telephone Laboratories, 
published by D. Van Nostrand Co., Inc. 





may, (1), deliver his sounds carelessly 
and with lower than average phonetic 
power and (2), may not speak closely 
enough to the telephone transmitter. 

The third form is imposed by the 
selective frequency attenuation charac- 
teristic of the telephone system itself. 

The first two forms of attenuation 
are easily correctible where telephone 
recording is regularly used to com- 
municate prepared written matter. In 
such operations, the person assigned 
to read the text at the sending station 
can be taught to stress his consonants, 
and to speak directly into the tele- 
phone transmitter with sufficient loud- 
ness to rouse and rattle even the most 
senile and sluggish carbon microphone. 
But such discipline over the opposite 
end of the line is not always possible 
—or polite—in the recording of random 
conversations. Modern business has a 
way, now and then, of connecting a 
Bull of Bashan, sitting next to his 
recorder, with a Caspar Milquetoast 
on the other end of a telepathic level 
circuit. And what Caspar has to say 
may be important. 


To appreciate the relatively feeble 
state in which the unvoiced sounds are 
often called upon to start their tele- 
phone journey, reference is made to 
Table I. Here are listed the relative 
phonetic powers of the fundamental 
speech sounds as produced by an aver- 
age speaker in normal conversation. 
To indicate the importance of these 
sounds in the carrying on of a conver- 
sation, they are tabulated in accord- 
ance with the relative frequency of their 
occurrence. This table was compiled 
from information appearing in Dr. 
Harvey Fletcher’s well-known book.! 

In Table I, a reference value of 1 
is assigned to the weakest sound th, 
as in thin. The power radiating from 
the mouth of the average speaker when 
producing this sound in normal con- 
versation is estimated at .05 micro- 
watt. The loudest sound 4, as in talk, 
is produced with a power 680 times 
that given to the sound th. Obviously, 
during conversation, certain sounds 
will be stressed for emphasis. But, 
even so, such stressing does not gain 
for them a predominance over other 
sounds which are always their masters 
in point of inherent power. 

Departures from these averages in 
the most extreme cases would probably 
reduce the sound th to a minimum 
value of but .01 microwatt, and would 
raise the loudest sound 6 to a peak 
value of 5000 microwatts. 

Table II lifts out the unvoiced con- 
sonants frem Table I for closer exam- 
ination. With exception of the sounds 
sh and ch, the relative phonetic power 
in these consonants is of a very low 
order. Yet the group as a whole, in 
point of frequency of occurrence, repre- 
sents 21.79% of all sounds used. One 
out of every five sounds occurring dur- 


1Fletcher, Harvey, “Speech and Hearing’, 
1929, D. Van Nostrand Co.—Braunworth & 
Co. Press—Brooklyn, N. Y. 


Fig. |. Partial schematic diagram of Edison Voicewriter. 
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Fig. 2. Circuit used in Soundscriber amplifier. 


ing conversation will be one of those 
shown. 

Now let us turn our attention to the 
effect on these unvoiced sounds which 
is exerted by the selective frequency 
attenuation of a telephone system. 

In the preceding article of this 
series,2 the articulation loss imposed 
on the fundamental speech sounds by 
transmission over systems of restrict- 
ed frequency bandwidth was shown. 
Figures were given for circuits having 
top frequency cut-offs at 2000-2500- 
3000 e.p.s., respectively. It should be 
emphasized, that the losses shown apply 
only when transmission is over flat 
response Message toll tele- 
phone circuits, in many instances, are 
not flat within the frequency band- 
widths which were treated. Even with 
a 2000 e¢.p.s. top cut-off, a large per- 
centage of the 
possess substantial recognition infor- 
mation. The important thing to de- 
termine, then, is whether such com- 
ponents of those sounds as are in the 
200-2000 ¢.p.s. range—or the 200-2500 
¢.p.s. range—would yield full identify- 
ing information if they were to receive 
by 
in excess of, and independently of the 
gain which is given to adjacent vowel 
sounds in speech. 

Would more gain, alone, turn the 
trick, or would the amplified compon- 


systems. 


unvoiced consonants 


selective amplification frequency, 


ents still have to lean on the missing 
components (of higher frequency) to 
yield full recognition ? 

This question is posed because thie 
fundamental sounds, them- 
selves, possess certain natural charac- 


speech 


teristics which are conducive to the 
design of a system that would auto- 
matically and selectively control the 


gain applied to one group of sounds, 
independently of that applied to an- 
other group. Thus, a consonant could 
be given an increased high-frequency 
gain while an adjacent vowel received 
uniform frequency amplification. And, 
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the consonant could be given a greater 
measure of gain than it customarily 
receives with l’ur- 
thermore, the naturalness of the voice 
in 


present systenis. 


the utterance of vowels would not 


be disturbed as is the case when all 
sounds receive rising response gain. 

Vital to the perfection of such a 
system is the acquisition of reliable 
and specific data indicating how the 
total energy in each of the unvoiced 
sounds is distributed according to the 
respective frequency components. Such 
information of this sort as the writer 
has come upon is often incomplete or 
at varianee with known and generally 
accepted fundamentals of speech and 
hearing. Any fresh sources of infor- 
mation along these lines are therefore 
cagerly solicited. 

As a preface to Mr. White’s diseus- 
sion of two popular a-v-c systems now 
available in recorders, I 
should like to insert one or two notes. 


telephone 


The recorder-to-line connector, which 
will be a part of future telephone re- 
cording installations, is expected to 
reduce the normal disparity between 
the intensity levels of the 
local and the distant voice by 10-15 db. 
This should be of advantage on land- 


received 


line calls, but may not assist materially 


in the handling of overseas calls. On 
'andline connections, while the = dis- 


varity in levels between the two voices 
will vary from one circuit to another, 
the disparity on a single call will usual- 
lv remain fairly steady. But this does 





is used to bring in a voice from OVer- 
seas during severe magnetic storms, 
On such oceasions, the incoming signal 
itself may vary widely during the pro- 
gress of a single eall. All the gain 
control possible is needed. 

Where the call to be 
recorded involves transmission which 
is primarily uni-directional—as with 
the telephoning of prepared written 
matter—it is preferable with the present 
types of a.v.c. to employ automatie 
gain control of narrower range, jn 
conjunction with manual control. Such 
a combination avoids much of the 
“bounce” effect one experiences with 
wide range automatic control, and in 
general yields adequate and _satisfae- 
tory results. 


Another point. 


Amplifier Design 

The amplifier design for telephone 
recorders is fairly standard, except for 
the a-v-c systems. 

The principal difficulty is the neces- 
sarily compact construction, with the 
need for elaborate switching. Most of 
the designs on the market started off 
functionally as dictating machines, so 
the input may come from a dictating 
inicrophone, a conference microphone, 
as well as from a telephone line, and, 
in playback, from the pickup. The 
output may go to a crystal or magnetic 
cutter, a loudspeaker or transcribing 
headset. In past practice, the tele- 
jhone pickup was by induction, with 
the necessity for about 110 db gain, 
Lut with the new systems it is expected 
that diret connection to the line 
can be used, so less gain is required. 
In some equipment, a flashing neon 
light is furnished as a level indicator. 

The low frequeney response starts no 
lower than 250 eyeles, and is usually 
obtained by limiting the size of the con- 
censers rather indefinite droop 
appears the curve. Some _ systems 
do not reach full gain until 400 eyeles, 
and this is a great help in limiting 
hum problems. 


sO a 


in 


The high frequency gen- 
erally holds up to 3 ke, with some sys- 
iems having a peak at this frequency. 


‘The cut-off above that is usually fur- 
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. Fig. 4 (left). In (A) line noise and signal. (B) effect of a.v.c., and (C), recorded resultant. Fig. 5 (right). Shadow 
‘. caused by sudden transition from high to low level. 
, istics of the telephone line used, few intermediate point in gain, at the grid The a-v-e system shown in Fig. 2— 
“ amplifiers being designed for sharper of the phase inverter tube. Since the variable inverse feedback—creates least 
f cut-off in themselves. main output is to the 6-ohm cutter, a distortion, but is rather difficult to 
7 The two systems shown in Figs. 1 — special 500-ohm winding on the output apply over a great range of control. 
’ and 2 are typical. An a-e/d-e power transformer gives a feedback source of | The standard system of Fig. 1, with 
s supply is used, eliminating a trans- much higher voltage. This is applied — variable bias on a tube of curved 
former. The two differ in power out- through a Varistor to an .07 uf con- characteristic, is capable of any amount 
r put, one working into 70,000 ohms for denser in series with 1.000 ohms. The — of a-v-c action, with considerable dis- 
* a erystal cutter, the other giving about Varistor makes the amount of feed- tortion, The system shown in Fig. 3 
“* 4 watts into a 6-ohm magnetic cutter. back a funetion of signal level, and (shorting the transformer) also dis- 
“ In both, great care is expended in the the network puts in some frequeney torts pretty badly and is capable in 
= input transformer, which has external and phase angle, so the system is selee- practice of but a limited range of con- 
h shields in addition to internal shielding tive to both amplitude and frequency. trol. 
4 between windings. Che switching is This system (Fig. 3) was mainly de- rhe writers have had very consider- 
ad too complicated to show, and undoubt- — signed for the much less diffieult job able experience with telephone record- ; 
te edly represents most of the design in of automatically monitoring the device ing, and in one particular it is quite 
d the amplifiers. We all know how the when used for dictation and serves as surprising. The broadeast or record- ¢ 
a engineers must have sweated to mini- an auxiliary to the automatie volume ing engineer usually has little: respect . 
or mize the hum and undesired feedback control system for telephone usage. for “telephonic quality” with its high 
. in these compact assemblies, which The principle of operation is to have harmonic distortion, high noise level, . 
“a also include a motor. the audio output of the system act as and limited frequency response. When c 
The A-V-C Systems ave on the input by shorting an input we start to work with it seriously we : 
The most considerable point of transformer. The voltage across the are apt to think that since it has been 
ve eetual difference between these two nominal 6-ohm cutter is attenuated so severely distorted before we can f 
- units shown is in their attack on the about two-thirds by the input resistive record it that a moderate amount of t 
on problem of a.v.e. network. The 10-ohm resistor is shunt- distortion added in routine handling 
ng Figure 1 shows the Edison Voiee- ed by a 25 uf condenser. The impedance can do no further damage to intelli- 
writer. Two stages of unbiased 128K7s of a magnetie cutter, as we all know, gibility. This is definitely not so. 
en give high gain (110 db). The 3516 rises rapidly with frequeney, so this Requirements 
ys- output tube feeds a backed-off diode condenser prevents too much ave on The main requirement in the record- 
cy. through a condenser from its plate, the high frequencies which would ing system is very good transient re- 
ur- with about 20 volts delay derived from otherwise oceur. sponse, and to a lesser but very import- 
- the B supply through a bleeder. This The resultant voltage is applied to ant extent, low intermodulation distor- 
rectified and smoothed resultant is a copper-oxide rectifier, filtered by two tion. It seems that the run-of-the-mine 
1 applied as bias to the K7 tubes, through 100-uf condensers on either side of 200 signals on the telephone line have had so 
two different time constant networks ohms, and appears as a variable bias many transients added from one source 
as shown. Of course, the distortion in on the other copper oxide rectifier act- or another that one simply cannot add 
; these K7 tubes is rather large operated ing as a shunt load on the input trans- any more without a serious loss of 
this way, but it eliminates a source of former. The variable impedance reflect- intelligibility. The same applies to 
motor-boating which ean be serious in ed into the telephone line is swamped — intermodulation distortion. 
high-gain systems. Note the differing out by the two 1,000 ohm series resist- Now, as all sound engineers know, 
| values of grid condensers and leaks ors shown. The 1 ef in series with a system good on both these counts is 
each stage, another insurance against the line is to block off d.c. from the almost automatically a_ high-fidelity 
low-frequency oscillations. telephone line. The time constant of | svstem, as the third main characteristic 
Figure 2 shows the Soundscriber this system adds up to about 40 milli- of frequency response can easily be 
a system. The a.v.c. is applied to an seconds. supplied. In this work, nothing below 
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200 eyeles seems to be required, and 
certainly the high end can be easily 
extended to 6 ke or so, above which 
little improvement seems to be noted. 

The two examples shown in Figs. 1 
and 2 leave out the most important 
characteristies, of which are 
the over-all system responses as heard 


course, 


from the recording, transient response, 
and intermodulation distortion. These 
data were unobtainable. The difficult 
points of design are the cutter and 


pickup. 

The systems shown in these examples 
indicate considerable effort on the 
a-v-e problem. The difficulties are 


such as to make an analysis worthwhile. 

Two attacks are possible. One is to 
work by continuous compression, where 
the system as a whole has a curved re- 
sponse so that 60 db in comes out as 
25 db. 


the 25 db dynamic range of each voice 


This has distortions of its own 


being limited to say 5 db, but it has no 


time constant. The other attack is 


a-v-e action. 


The a.v.c. inherently can control al- 
most to any degree. Some radio sets 
have been designed with flat a.v.c. so 
that a variation in carrier level of 80 
db gives an output constant within 3 
db, so this problem has been solved. 
It is well to note that since the con- 
trol is of the earrier, no distortion of 
the detected signal occurs. 


Audio a.v.c. has no such feature, and 
the means of gain variation can well 
distort the signal somewhat, and some 
systems can cause great distortion. Of 
course, peak clipping can be used to 
limit the signal, but this gives a flat 
top wave that we absolutely cannot 
stand if any intelligibility is to be re- 
tained. Many audio a-v-c systems tend 
to clip, and we must avoid this. 

We have only one advantage in tele- 
phone a.v.e.; we have no truly low fre- 
quencies to contend with. It is always 
a limitation in any system when the 
a-v-c action is so rapid that the lows 
are suppressed. 


So our time constant thinking must 





be done in terms of the speech element 
—the vowel, sibilant or syllable. These 
vary widely, and each speaker hag a 
different rate of attack and decay of 
his voice on these elements. Some 
have the property of approximating a 
square-topped pulse of energy. 
Noise 

For a complete solution, we should 
also set the maximum sensitivity ag a 
function of the noise on the line. Ag 
we all appreciate, any a-v-c system can 
merely suppress surplus gain; it ean- 
not supply gain as demanded. [If a sig- 
nal is “down in the mud,” we still want 
to record something, as there might be 
some intelligible speech left that would 
be valuable. 

For simplicity of discussion, Fig. 44 
represents a line slightly noisy, and a 
single, isolated high-level speech ele- 
ment is shown as a square-topped pulse 
of say 500-evele energy. Fig. 4B shows 
the maximum gain of the amplifier, but 
the actual amplifier 


gain is slight- 


[Continued on page 40| 





HERE is a revival of interest in 

three-dimensional 

mainly to the 
magnetic tape recording, which lends 
itself readily to handling two or three 
sound tracks suitably phased. It be- 
comes possible to visualize commercial 
possibilities, the amount of 
equipment required is limited. 


sound, due 


development of 


since 


Anyone who works with high-fidelity 
equipment for some time begins to 
realize there are many characteristics 
of hearing that do not lend themselves 
to measurement. While the air itself is 
complex enough, it can be fairly well 
analyzed as a microphone. In com- 
bination with the brain, however, we 
have a psycho-acoustic complexity that 
defies all our reasoning at times. This 
is especially marked in the binaural 
effect. 

Some time ago the writer acquired a 
piece of test equipment developed by 
the Germans for “Unterseehoren”— 
underwater listening. The object was 
to rate potential candidates for the job 
by testing their directive sense when 
listening to such sounds derived from 
two underwater microphonie devices. 
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In attempting to set up the simplest 
possible case, they designed the gear 
shown in Fig. 1. It was a rotating dise 
of brass with two small inserts of mag- 


netic material 180° apart around the 
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Fig. |. Testing directive sense when 
listening to sounds derived from two 
underwater microphonic devices. 


rim. Two pickups each fed a receiver, 
and when the pickups were 180° apart, 
they generated simultaneous clicks—in 
other words, the signals were in phase. 
By adjusting the position of one pick- 
up around the rim of the dise, it was 
phased to click a little ahead or behind 
the fixed pickup. 

By adjusting the rpm of the dise, 
the duration of the pulses could be 
changed over wide limits. About 500 
eyeles seemed best—that is, each click 
was about half a 500-eyele wave. An 
attenuator in one phone enabled ad- 
justment to any ratio of intensity be- 
tween the two ears. 


The person under test is blindfolded 
and seated in the center of a graduated 
cirele and is told to point with his 
arm toward the apparent source of the 
sound. To prevent confusion, we start 
off with the clicks in phase. 

When the started with in- 
phase clicks, the brain always says the 
sound is dead ahead. Tt will be under- 
did not test thousands of 
people—just ourselves and anyone who 
dropped in the laboratory. In every 
ease, once the test was clearly under- 
stood, everybody pointed quite accur- 
ately directly in front of him. 


test is 


stood we 


[Continued on page 40] 
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Applications of Magnetic Recording 
In Network Broadcasting 


HROUGH THE USE of magnetic 

tape, the American Broadcasting 

Company has, since April 25, 1948, 
been recording and playing back on a 
one-hour delay basis, the 18 hours of 
daily program material routed through 
its Chicago studios. In general, this 
involves continuous recording from one 
incoming source of network programs 
and the continuous playback of pro- 
grams to one out-going line during the 
entire broadeasting day. It is done to 
overcome the time differential on the 
various circuit legs of the network 
caused by summer Daylight Saving 
Time and permits placing programs 
on the air at the same local hour as 
existed under Standard Time econdi- 
tions. 

ABC has made a further and some- 
what more spectacular use of this med- 
ium by recording each original per- 
formance of the Bing Crosby show on 
tape. These original shows last as long 
as 40 minutes; thereafter, the programs 
are edited and reduced to the regular 
timing of 29 minutes and 30 seconds. 
The earlier Crosby recordings began in 
August, 1947, and were performed on 
modified German Magnetophones. 

During late 1945, ABC circulated 
among various manufacturers the basic 
specifications for a proposed profession- 
al type tape recording system. It ap- 
pears that machines of the Ampex 
Company were the first production units 
to meet these basie requirements, re- 
vised to cover higher fidelity perfor- 
mance. Therefore, in Mareh, 1948, 
Ampex machines replaced the Magneto- 
phones, and as in the ABC Chicago 
recording room, this make of machine 
has subsequently been used exclusively. 
As of May 12, 1948, the Crosby show 
Was reproduced on the air directly from 
the edited tape. Prior to this date, the 
programs were dubbed to dises for dis- 
tribution and playing. 

These two examples of the use of tape 
in broadeasting are cited because they 
signify direct experience with, and sat- 
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isfactory usage of full fledged, high 
fidelity, professional type tape-recording 
machines. These applications are the 
first of their kind in America. 
General Features 

At network centers and independent 
stations, the general features of mag- 
netic recording methods have resulted 
in a startling increase in field record- 
ing with transportable gear, several 
makes of which have been available 
for some time. Both wire and tape 
equipment is relatively light, compact. 
and recording can be carried on in 
moving vehicles or during transporta- 
tion by hand. The latter use is limited 
in a practical sense by the length of 
the a-c extension cord available. The 
150 watts of power needed to supply 
the a-c synchronous motor drive and 
associatéd induction take-up motors in 
some equipments can not be obtained 
from truly hand-portable battery and 
converter supplies. The magnetic re- 
cording process requires only a few 
watts of audio and bias power, so bat- 
tery supply problems for this are only 
slightly more severe than in standard 
remote broadcast equipment. To over- 
come the electric motor power problem, 
the spring motor techniques of by-gone 
phonograph days may be due for rebirth 


Fig. |. Editing procedure. After 
cutting, scotch tape is used 
to join ends. 


and use in certain applications requir- 
ing extreme portability and lowest pos- 
sible power drain. 

Insofar as magnetically recorded in- 
terviews and man-in-the-street types of 
programs are concerned, there is the 
inherent advantage of ease of editing. 
especially when using tape. It is prob- 
able that this ease of editing and splic- 
ing has caused a trend away from wire 
for broadeast use. While recordings 
of long continuous duration can be 
made on relatively small spools of wire, 
this feature does not now appear to 
be of decisive importance to radio users. 

Program editing has had_ limited 
use in radio dise recording due to 
dubbing difficulties. With tape of suf- 
ficient speed this process becomes sim- 
ple. Usually it includes playing back 
the original recording several times 
in the presence of producers and en- 
gineers who may decide to delete or re- 
arrange portions of the program ma- 
terial. Thereafter, the tape is cued uy 
to the point to be cut and a wax pencil! 
is used to mark the back of the tape 
immediately over the play-back head. 
The tape is then removed from the 
head assembly and snipped with scis- 
sors. (Mig. 1.) Several such cuts may 
be made and syllables of words, sen- 
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ST=PACIFIC STANDARD TIME 


MST =MOUNTAIN STANDARD TIME 


PDT = PACIFIC DAYLIGHT TIME 


Fig. 2. Chart showing recording and repeat schedule at Hollywood terminal of ABC network. 


of 
may be cut out or saved for rearrange- 


tenees or whole sections programs 
ment. The desired sections of tape may 
be spliced together with small strips of 
adhesive material similar in most re- 
spects to “Seotch Tape” except for the 
extra thin adhesive coating. When com- 
plete the spliced material may be played 
through a machine with no impairment 
of the original recorded quality and 
the splices introduce negligible, if any, 


noise. 


Advantages 
On a purely technical basis, some 


advantages are inherent in the use of 
tape, which recommend it in place of 


dises: 


(1) Most .machines feed the tape past the 
heads at a constant velocity under con- 
trol of a driving spindle directly cou- 
pled to a synchronous motor. Because 
of this constant ve'ocity, a uniform 
program fidelity exists through the en- 
tire length of a tape recording. Dise 
systems incur varying translation losses 
through cutting and play back as the 
disc diameter changes. These disc Josses 
can in some measure be overcome by 
radius equalization, but it introduces 
technical complications. 

Using suitably high tape speeds and a 
well designed machine, a program fre- 
quency range of 50-15000 cps = 1 
db/1000 cps can be achieved and main- 


tained without. critical routine main- 
tenance. The noise level is better than 
50 db below program level and dis- 
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tortion at the program level can be held 
to 2% harmonic distortion or about 
4% IMD (intermodulation distortion). 
It is doubtful whether any commercial 
disc system, through recording and play 
back and for the duration of a half-hour 
program, could meet these specifications. 
\ single tape can be recorded, played 
back, and erased many times without 
undue degradation of quality. This is 
an enormous advantage for delayed 
broadcast work. Obviously, discs must 
he discarded after one cutting. 
Considerably less audio power is re- 
quired for tape than for disc recording 
and, of course, a chip-suction system is 
not required. 

Continuous monitoring of the recording 
on the tape can be maintained on pro- 
fessional machines since they are 
equipped with separate record and play 
back heads. If close spaced, the moni- 
toring delay is about 1/30 second at 
higher tape speeds. 


(3) 


(4) 


It is beyond the scope of this paper 
to attempt an evaluation of tone tests 
on tape performed at levels correspond- 
ing to peak program conditions. It is 
recommended that, before making any 
such tone tests a so-called “AB” listen- 
ing test be performed to determine the 
maximum recording level. Live program 
feed to the recorder over 15 ke lines 
is preferred for these adjustments. This 
AB test consists of installing a two 
position switch in the input of a high- 
fidelity monitoring system. Position 
“A” may be connected to the incom- 


ing recording line, while position “B” 
may be connected to the play back 
output of the tape machine. This as- 
sumes, of course, that the machine is 
equipped with separate record and play 
back heads. It will be found on high- 
quality machines that when levels are 
kept in proper balance, a certain maxi- 
mum recording level can be reached 
where the difference between the line 
program and the play-back program 
remains undetectable via the monitor- 
ing speaker. At higher recording levels 
distortion will begin to show up. <As- 
sume now that tone tests are made at 
the highest meter-indicated program 
level previously found to be satisfac: 
tory, distortion will be low. If, how- 
ever, tone tests are made at the esti- 
mated level of instantaneous peaks 
some surprising figures on distortion 
Until more data is 
available on tape recording character- 
istics, it will be difficult to assign limita- 
tions to these peak distortion figures 
or evaluate their meaning. 


may be obtained. 


While hardly a disadvantage of tape. 
it ean not be assumed that tape can 
or will completely replace dise record- 
ing in the near or distant future. For 
example, it would certainly not be 
convenient to have a library of short 


individual numbers recorded on sep- 
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Fig. 3. 


arate tapes corresponding to present 
record libraries. Also, due to the cur- 
rent cost and size of a reel of tape, 
it is not now feasible to store programs 
for reference and protection, as is done 
by many broadcasters. Neither is it 
now feasible to exchange tape pro- 
grams with other stations or users, 
because relatively few machines are in 
the field and no industry-wide stand- 
ards have been formulated. 
Standardization 

At this time manufacturers, broad- 
casters, and other prospective users are 
giving serious consideration to magnet- 
ic recording standards and it is hoped 
that recommendations coming out of 
committees now formed, will be avail- 
able for general inspection and critic- 
ism or approval at an early date. Mean- 
while, interested parties are being 
urged to review their long-range plans 
for the utilization of tape. The follow- 
ing critical points deserve 
thought and consideration. 


careful 


(1) Tape Speed—Shall a single standaré 
speed be set up for all types of equip- 
ment or should one relatively high 
speed be set for fixed installation trans- 
cription type equipment with a lower 
speed or speeds for portable gear? 
With studio type gear for use in repeat 
broadcasting, the recording of studio 
shows and interchange of tapes among 
users, it is believed that full advantage 
should be taken of a reasonably high 
speed to insure a full frequency re- 
sponse range up to 15,000 cps. Of equal 
importance as a practical operating con- 
dition, high tape speeds provide greater 
spacing in program material, hence 
easier editing. 

{2) Standard recording characteristics—This 
involves standardization on the tape 
itself, machine design tolerances and 
circuit equalization. There will un- 
doubtedly be a wide difference of opin. 
ion on recording characteristics, but it 
is urgent for purposes of interchange- 
ability, that some fixed specifications 
apply. 

(3) Mechanical standards—At the very least 
hubs and driving pin assemblies of the 
tape reels should have standard dimen- 
sions. 


Chicago installation (WENR). 


ABC Operating 
indicated 
quality 
now in 


Departments have 
with the high- 
professional-type equipment 
It has definitely proven 
of value in delayed broadcast work 
on a continuous 18-hour-per-day sche?- 
ule and in the recording, editing and 
delayed broadcasting of studio-type 
programs wherein the highest fidelity 
plus editing features were judged im- 
portant. 


satisfaction 


use. 


When considering the instal- 
lation of tape equipment, a number of 
features deserve attention. Assume for 
example, that a considerable amount of 
delayed broadcast and audition work 
is produced on discs and that an ap- 
preciable number of these are playel 
but once, or retained for short periods 
then discarded. This represents many 
dollars spent for blanks which obviously 
can not be Good double 
sided blanks average about $1.60 each 
in large quantities. In a similar appli- 


reclaimed. 


Program repeating and recording room. a 


cation, tape would not have to be dis- 
carded since it can be and 
reused. Of course, the cost per half 
hour reel of tape is higher. Present 
prices subject to variation due to chang- 
ing manufacturing problems are ap- 
proximately $3 per thousand feet in 
large quantities. As an example, at the 
30-inch-per-second speed now used by 
ABC there are nearly 5000 feet of tape 
per 33-minute reel. Whatever the con- 
templated daily recording schedule, it 
is urged that a sufficient footage of tape 
be contracted for at the time machines 
are installed. A hundred thousand feet 
will make about twenty 33 minute reels 
depending, of course, upon the tape 
speed. Twenty rolls of tape can quickly 
be tied up, even in a relatively small 
recording installation. Furthermore, 
the ease and convenience of tape record- 
ing with a fixed installation, always 


erased 


[Continued on page 38] 


Fig. 4. Author checking power supply system of Ampex recorder. 
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EDWARD TATNALL CANBY 


Rk. S. J. White’s interesting 
article on horn-type loudspeak- 


ers (AupIO ENGINEERING, May, 
°48) puts an analogy into my head 


that may leave him a bit startled, but 
which serves to illustrate a fundamen- 
tal principle of musie not too easily 
the 
The idea is that of impedance—Mr. 


appreciated by trained engineer. 
White, in speaking of the driver unit 
noted that without a horn there was no 
match between the moving diaphragm 
(at low frequencies) and the air, that 
the horn serves to match the force of 
the diaphragm to the air, and thus 
transfer a maximum of energy, at low 
as well as high frequencies. 

There is such a thing as “musical 


impedance,” though possibly it has 
never been called by that name. Music 


is a form of expression which is an- 
alogous to the propagation of energy 
Intense human 


expression is very closely linked up in 


in the physical sense. 


our minds with intense energy, with 
striving, with pressure—voltage, if vou 
will. The use of human 
specifically to be sensed in such bodily 
the tensing of 


energy is 


functions as muscles 


against resistance. The function of 
the human voice itself is one of the 


fundamental tensions—forece against 
resistance—on which all music is based, 
either directly, as in singing, or in the 
production of some other musical 
sound, instrumentally, that simulates 
the emotion, the pressure, the expres- 
that 


resistance) 


working 
So 


sense of 
of the 


important is this sense of strain that 


sion (with 


against voice. 
even those instruments which actually 
require very little physical work stil! 





*279 W. 4th St., New York 14, N. Y. 
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To Mr. Canby's widely read column, we 
add Bertram Stanleigh's interesting evalu- 
% ation of recent popular music records. 


depend for their expressiveness on an 
imitation of the “work” effect. The 
swell for instance, 
allows for an inerease of tone actually 
through a 


box of an organ, 


lowering of pressure, an 
opening of doors—but the effect is the 
opposite. 

We can measure the importance of 


this vocal, muscular tension in music 


simply by looking at the matter of 
musical pitch. “Up,” to us, means 
more intense, more tension, higher 


pressure, (“Up,” of course, is a pure 
figure of speech that often battles musi- 
the 
right.) 


cal beginners who find “up” on 
piano the 


“down” means a lessening of tension. 


horizontally to 


The sense of melody is found in this 
tension. Now, many instfuments, such 
as wind instruments, do in fact require 
a higher tension in the playing for a 


tone of higher pitch. But many do 
not, including the organ and _ the 
piano. Yet note well, that a melody 
which climbs upward on the piano 


appears to increase in emotional ten- 
sion, and indeed is played that way by 
a good pianist, who “feels” the music 
tensing, even though from a mechani- 
eal point of view, the increase in play- 
We 


fundamental 


ing tension is entirely arbitrary. 
that the 
rhythms of music (we’ve accounted for 


may note, too, 
pitch) come from twin functions of 
the body, the staccato beat of the heart 
and the smooth, flowing pulse of the 
Quick proof of the connection: 
faster music generally is more excit- 


lungs. 


ing, clearly because of the emotional 
association with faster, tenser breath- 
ing, quicker heartbeats. 

But there is a further, engineering 


{Continued on page 42} 
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Popular Records 


BERTRAM STANLEIGH** 


HETHER to record at 78 or 
33 1/3 rpm has been a matter for 
debate among recording enthus. 
Most advocates for the slower 

have felt that that 
method has not received a fair trial on 
the home phonograph. During the 
early thirties, Victor did release some 
slow-playing recordings, but the mat- 
ter given little publicity, and 
after a couple of years, the scheme was 
discontinued. 


lasts. 


speed always 


was 


Now Columbia is busy preparing a 


new series of 33 1/3 dises for home 
listening. News of this venture is stil] 


being withheld, so technical details are 
unavailable. known 
that these new dises will use a much 
narrower needle channel referred to as 
a micro-groove. 


However, it is 


The reeordings will 
ten and twelve inch 
sizes, and their playing time will be 
thirty-five and forty-five minutes, re- 
spectively. 


be available in 


All pressings will be on 
The price of a twelve inch 
platter will be five dollars. 

Naturally, special equipment will be 
required to 


vinylite. 


play these micro-groove 
An adapter unit, consist- 
ing of a turntable and special pickup, 
is being prepared by Philco to sell at 
$29.95. This unit will reach the mar- 
ket at the same time as the records, 
probably early this fall. 

High-fidelity is the word _ being 
whispered about concerning these new 
platters, but there is considerable skep- 
ticism in some circles. No one doubts 
that the original masters will be up 
to Columbia’s already excellent stand- 
The problem is whether the more 

[Continued on page 45} 


recordings. 


ard. 


**41 East 59th St., New York 22, N.Y. 



























































































e e J . 
Cardioid Dynamic Microphone 
@ It’s better than ever... with new impedance 
selector .. . new external shock-mount.. . im- 
or proved response . . . increased output! All this, 
for plus Mechanophase* principle, Acoustalloy dia- 
us: phragm and other great features, combines to 
wer make E-V Broadcast Cardyne today’s leader! 
hat True cardioid performance cuts reverberation and 
on random noise pick-up ... stops feedback ... 
the nearly doubles conventional pick-up range... 
provides clear, natural close-up response. Ex- 
yme . 7 . 
cellent for broadcasting, recording or high 
nat qualityg public address. Try the improved 
and Cardyne now! It’s your best buy! 
a E-V Model 731. Broadcast Cardyne Il. Frequency 
response substantially flat 30-12,000 c.p.s. Out- 
ga put -50 db. Includes external shock mount. Can- 
me non XL-3 connector. List Price......... $80.00 
still (Also available without “On-Off” switch or 
- with 50-250 low impedance selector.) 
own E-V Model 726. Cardyne I. Frequency response 
uch substantially flat 40-10,000 c.p.s. Output -53 db. 
- Without external shock mount. MC-3 connector. 
will List PeIGOs cc ccccce saeeennanee err 
men Send for Bulletin No. 139 
"e NEW EXTERNAL SHOCK MOUNT 
re- Model 345. Newly developed vibration isolation 
unit with double shock absorber action. Utilizes dual 
on Lord shear-type mountings—eliminates undesirable 
inch vibrations transmitted from stand—reduces side sway 
of microphone without reducing efficiency of isolation 
unit. Furnished with Model 731 Cardyne. Also available 
1 be separately for Model 726. 
nove 
ae NEW IMPEDANCE SELECTOR 
ku Recessed switch at rear of microphone case 
Ps gives instant selection of high impedance 
ll at (25,000 ohms) orlowimpedance (150o0hms). 
nar- Switch easily actuated by pencil point or 
small screw driver. Included in both Models 
yrds, 731 and 726. 
eing 
ial ae 
kep- NO FINER CHOICE THAN 4 
ubts : 
> up . * 
more 





ELECTRO-VOICE, INC., BUCHANAN, MICHIGAN —Export Division: 13 East 40th St., New York 16, U.S.A., Cables: Arlab 
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NEW PRODUCTS 





SUPERHET TUNER 


e@ <A new tumer designed to convert the 
Soundmirror into a combination radio-re- 
corder instrument is presented by the Mag- 
netic Recorders Company. It is specifically 
designed to fit into the existing cabinet, and 
tunes from 1700 ke to 530 ke. 

Further information can be had by writ- 
ing directly to the Magmetic Recorders Com- 
pany, 7120 Melrose Avenue, Los Angeles 46, 
Calif. 


TORQUE DRIVE PICKUP 


@ The Torque Drive is a new idea in crys- 
tal pickup cartridges developed by Electro- 
Voice engineers, for use in home phono- 
graphs, record players, record demonstrators, 
coin operated machines, etc. It makes pos- 
sible new light weight and new efficiency 
in coupling the crystal to the record groove. 
It acts as a mechanical transformer and pro 
vides the proper “Gear Ratio” between re- 
cord groove and the crystal. It allows a 
compliant (free-moving) needle point to de- 
liver multiplied force to the crystal—gives 
optimum transfer of energy at all useful 
audio frequencies—produces ample voltage 
output with high needle compliance. 
Because of its unique design, it reduces 
surface noise, scratch and needle “talk”— 
avoids sound distortion—lessens record wear 
—lengthens record life — increases needle 
plays—gives new life to old, worn records. 
Among the many features of the new Elec- 

tro-Voice Series 12 Torque Drive cartridge 
are: 

Light Weight (weighs only 1/5 ounce) 

Low Mass Drive System 

Multiplied Needle-Force-to-Crystal 

No Bearings or Bushings 

High Lateral Compliance (flexibility) 

High Vertical Compliance 

Matched Frequency Response 

Low Distortion 

Zero Output for Vertical Movement 

Moisture-Proofed Crystal 

Ample Voltage Output 

Replaceable Whisker Needle 

(Osmium-Tip or Sapphire-Tip) 
Small Size (1-3/32” x 11/16” x 5/16”) 


EQUALIZING PREAMPLIFIER 


@ A new equalizing preamplifier for vari- 
able reluctance and magnetic phonograph 
pick-ups, which requires no soldering iron or 


technical training, and which can be _ in- 
stalled by the average set-owmer or high- 
fidelity enthusiast in less than a minute, has 
been announced by Roger Television, Inc., 
366 Madison Ave., New York 17, N.Y. 


NEW H-P INSTRUMENTS 


@ Two new battery-operated instruments— 
a vacuum tube voltmeter and audio oscilla- 
tor— were announced this month by Hew- 
lett-Packard Company of Palo Alto, Cal- 
ifornia. Both instruments are portable, light- 
weight, completely hum-free, mounted in 
weather-proofed dural carrying cases. and de- 
signed for general use where power sources 





are not available. Both are completely operat- 
ed from “drugstore” flashlight and standard 
45 volt “B” batteries. 

For further data, please write manufac- 
turer. 








SOUND-ON-FILM RECORDER 


@ Frederick Hart & Co., Inc., an ATF 
Associate, Poughkeepsie, N.Y., announce the 
new Hartron Model 60 Sound-on-Film 
Recorder-Reproducer, the Hartron Model 60, 





an all-purpose, light-weight unit, which util- 
izes 35 mm film to produce a permanent, 2 
hour, non-erasable sound record. Longer re- 
cordings may be obtained to suit particular 
requirements. The recording may be played 
back immediately or filed away for ready 
reference at any future time. No processing 
of film required. 

Auto Start-Stop, a voice-actuated mechan- 
ism, automatically starts and stops the ma- 
chine at any voice level to make the Hart- 
ron Model 60 fully automatic in operation. 
An indispensable feature in direct line re- 
cording, the Auto Start-Stop permits un- 
attended operation and gives economy of 
film use. 

Monitoring facilities assure positive con- 
trol of recording or enable one to listen to 
material previously recorded without imter- 
rupting current recording. 

Foot Switch and Earphones available for 
transcribing purposes. Other accessories 
available for every recording application. 

For further data, please write the manu- 
facturer. 


NEW STEPHENS MIKE 


@ Described as incorporating revolutionary 
developments in microphone performance 
and design, is the Stephens Tru-Sonic Phase 
Modulated Model C-1 Microphone, just in- 
troduced by Stephens Manufacturing Cor- 
poration, Los Angeles, Calif. 


[ Continued on page 47) 
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PROFESSIONAL DIRECTORY 








Custom-Built Equipment 


U. S. Recording Co. 


1121 Vermont Ave., Washington 5, D. C, 


District 1640 














Winston Wells 


Designer and Consultant 


Acoustical and Electronic Research 


307 East 44th St. MU 43487 
New York 17, N. Y. 
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INSPECTION 


It has been said that “pigs is pigs.” Lacquer-coated discs, however, regardless of science 
in the manufacturing process, do not always turn out to be recording blanks. The suit- 


ability of each Soundcraft blank for broadcast-quality recording is judged by the highly’ 


trained personnel of the inspection department. 


Aside from routine checking of center-hole size and disc concentricity, the prime task 
of inspection is visual search for minute physical imperfections in the recording surface. 
One of the few Soundcraft operations that depends on the human element, inspection is 
carried on in controlled surroundings. Scientific lighting, room-coloring, temperature, 
humidity, and dust-conditioning all contribute to consistent inspection, grading, and dis- 
carding of rejects. 


The common dilemma of disc inspectors has long been the tendency toward sliding 
standards. When the runs are good, it is human to tend to grade down and vice versa. To 
assure absolute standards, Soundcraft maintains inepectors to check the inspectors. These 
final inspectors not only double check the original grading but also eliminate any record- 
ing blank accidentally damaged subsequent to initial inspection. 


As additional protection to the Soundcraft_ user, all operators of pune presses, 
embossing equipment, and labelling machines 
scrutinize each disc they handle. Thus, with 
everyone an inspector, many watchful eyes 
guarantee rigid standards of surface perfec- 
tion, to establish your dics recording anew on | 
a standardized, predictable basis. 


*No. 7 of a series. Watch this space for succeeding ads X 
on how Soundcraft discs are made. \ 
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REEVES CORP. 


10 EAST 52nd STREET * NEW YORK 22, N.Y. 


\ J Export Address | 


REEvINTER, N. Y. 
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Network Broadcasting 


[from page 33] 


ready for use, will undoubtedly pro- 
mote a surprising increase in recording 
activities over and above expectations. 

In attempting to determine the num- 
ber of machines for a given job a word 
of caution is in order. Remember that 
a tape machine can not be loaded and 
threaded or unloaded as quickly as dises 
can be handled on a cutting lathe or 
turntable. It is not possible to unload 
and reload most machines during a 
30-second station break. Also the prob- 
lem of rewinding the reel of tape after 
recording or play back, in readiness 
for the succeeding operation, must be 
considered. 
Editing 

Direct operating experience in re- 
cording studio shows and interview 
type programs has shown that editing 
is of great value in program produc- 
tion. Consistently, several hours edit- 
ing time has been consumed in the re- 
arrangeinent of 15 minute and half hour 
shows. Aside from purely technical 
considerations, the operational conveni- 
ence of editing tapes recorded at the 
higher speeds can not be over-emphas- 
ized. Also high rewind and fast forward 


cueing speeds are essential. Desirable 
values are 10 to 20 times normal playing 
speeds. True, a higher tape speed in- 
creases the tape stock cost, but this 
appears to be a relatively small item 
when considering the over-all cost of the 
programming, and the total associated 
time and labor. 

The ABC Chicago installation in- 
cludes the typical switching and moni- 
toring gear usually found in a broad- 
cast plant. Two recording and two 
play-back lines are available at each 
of ten machines. Also keys and indi- 
vidual monitoring amplifiers and speak- 
ers make “AB” tests on the individual 
recording channels possible during 
operation. A simple pre-set system for 
the program lines and a master start- 
ing circuit for motor controls permits 
pre-setting various combinations of 
machines, so that from any one of 
eight control panels the operation of 
master switches will simultaneously 
start all machines assigned by pre-set. 

While circuit and control character- 
istics of other machines are not known 
in detail, it was found that the basic 
relay system incorporated in_ the 
Ampex equipment was well suited to 
remote starting and control operation. 

Operating personnel who have han- 









The Brook All-Triode Amplifier is 
built with only one objective . . . to 
provide the cleanest possible reproduc- 
tion of fine music. 

It makes use of low-mu triodes 
throughout — specially-designed trans- 
formers—and the Brook-patented Auto- 
matic-Bias-Control circuit which more 
than doubles efficiency of the output 
system and at the same time reduces 
harmonic distortion. The result is an 


The MOST PERFECT AMPLIFIER 





for 
Reproducing 
Fine Music 


Hew! Model 10C3—Remote 


control unit with both high- 
and low-gain inputs for all 
types of tumers and pickups. 


amplifier flat within 0.2 DB from 20 
to 20,000 cycles—with intermodulation 
and harmonic distortion reduced to 
negligibility. & 

Although its “paper performance” 
surpasses that of any other amplifier, 
the Brook must really be heard to be 
fully appreciated. When you hear the 
Brook alongside other amplifiers— any 
amplifiers—you are in for an exper- 
ience that is both surprising and 
enlightening. 

Write today for copy of distortion 
analysis and Descriptive Bulletin AG-8! 





The BROOK High Quality Amplifier 


@k( OK 


- Designed by LINCOLN WALSH 


BROOK ELECTRONICS, Inc., 
34 DeHart Pluce, Elizabeth 2, N. J. 
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dled machines with horizontally mount- 
ed reels have commented favorably on 
their ease of loading and threading, 
Editing with this particular mechanic- 
al structure appears convenient. Sur- 
prisingly little use has yet been found 
for precision footage counters, al- 
though it is foreseen that they may 
be of advantage when interchange of 
tapes becomes feasible. As is usual 
with other types of equipment used in 
broadeasting, quality electronic com- 
ponents and heavy duty mechanical 
fabrication are necessary. 

Illustrations associated with this ar- 
ticle indicate the individual machines, 
and Fig. 3 illustrates the ABC Chicago 
tape recording room. Figure 2 is a chart 
representing the daily recording and 
repeat schedule at the Hollywood ter- 
minal of the ABC network. This chart 
was made up from a 1948 summer day 
schedule. Dise recorders and turntables 
now carry this load but tape will be 
used in the near future. In the column 
labeled “Program Number,” word titles 
have been omitted and arbitrary num- 
bers, 1-20 have been assigned. The 
solid vertical line in column I indicates 
recording time. The solid vertical lines 
in columns 2-3-4-5, represent play back 
time, and the associated numbers corre- 
spond to the program numbers assigned 
at the left of the chart. Numbers above 
twenty appearing in the play-back 
schedule are other recordings. This 
chart does not indicate certain added 
complications; cut-in announcements, 
both recorded and live, must be made 
during the repeat broadcasts of some 
of these shows. These cut-ins may be 
in addition to or in replacement of the 
commercial or promotional announce- 
ments contained in the original pro- 
gram. Several programs are repeated 
simultaneously over two routes and may 
require separate simultaneous  an- 
nouncements in place of the originals. 
Excitement over and above the normal 
routine is provided when emergency 
network announcements or occasional 
line troubles disrupt the continuity of 
incoming programs. The problem then, 
is how to fill the program gaps in a 
sensible manner before the _ repeat 
deadline falls due. In Hollywood, this 
recording schedule or its approximate 
equivalent is carried on winter and 
summer; delayed broadeasting is used 
the year ’round to overcome the zonal 
time differences existing between the 
west and east coasts. 

It appears desirable to credit and 
compliment the following: The Ampex 
Company for design and manufacture 
of the tape machines; on the Chicago 
job, The Commercial Radio Sound Cor- 
poration of New York for wiring and 
fabrication of the racks and control 
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NOW AVAILABLE 











} > THE NEW 

d 

‘ 

. > MAGNETIC 

S 

e 

. > TAPE 

: 

| > RECORDER 

' 

; 

: Endorsed by the Bing Crosby 

Program .. . 

d 

' Tested over months of con- 

; tinuous commercial network 

e operation by ABC ...18 hours 

' daily 

. The Ampex Magnetic Tape Recorder has proven fidelity of reproduction 
. unsurpassed by any other known recording instrument. This is the great 
. new unit which put the Crosby show on tape. and has provided the 
1 answer to the American Broadcasting Company's continuous rebroadcast 
: schedule originating from Chicago. 

f The engineering and functional design of this machine makes it the most 


efficient and economical professional recorder. A demonstration will 
convinee you. 


Send for descriptive booklet: 


AUDIO & VIDEO PRODUCTS CORP. 


Authorized Ampex Representatives East of the Rockies 


681 Fifth Avenue, New York City 
PLaza 9-6031 
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units, and The Minnesota Mining and 
Manufacturing Company for the deli- 
very of two million feet of tape. Engi- 
neering design was done by ABC, with 
Fd Horstman of Chicago supervising 
the installation. 


Binaural Phenomenon 


[from page 30] 





From the pure physics point of view, 
this does not follow, as an in-phase 
signal can equally well come from 
astern. However, if it is a mental bias, 
evidently we all share it. 

By adjusting the position of the 
variable pickup, we have a selsyn motor 
effect with the victim as the controlled 
motor. His arm will swing accurately 
to within plus and minus two degrees, 


in some cases, and we can swing it 
right or left as we will, with perfect 
tracking. 


Phase Reversal 

Now comes the unusual effect, which 
seems to oceur to between 30 and 40 
per cent of people with this type of 
equipment, at least. As we swing the 
signal out around 50 to 60 degrees off 
center, there will suddenly 
phase reversal in your head, 
will 


oceur a 
and you 
instantly point over your shoulder 





to a point 180° removed. Sometimes 
this will occur only toward the right, 
sometimes on both sides. 

If we do not encounter this effect, 
we come around to 180° following the 
signal perfectly, and at that point we 
may or may not reverse. 

At a reverse point, we become men- 
tally and annoyed. There 
seems to be about a 20-degree range of 
confusion—that is, we must backtrack 
20 degrees before you 
back where it belongs. 
son, 


confused 


are sure it is 
For some rea- 
we become angry if this is tried 
too many times, and evidently we set 
up a mental strain which makes us 
ashamed of our inability to distinguish 
these clear-cut signals and their arrival 
phase. 

Of course, a great deal of work has 
been done with binaural effects. This 
article seems to have the moral that 
many unexpected phenemona probably 
are to be found in practical cases that 
will require some working out. Almost 
set-up 
ean visualize has highly artificial 
departures from ideal conditions, and 
certainly if a of confusion can 
be set up in the brain, the system will 
have a great and possibly unrecognized 
handicap. 


any binaural or stereophonic 


we 


state 





Telephone Recording 
[from page 30) 


ly less, due to a-v-e action caused by 
the noise. After the signal appears we 
must rectify and filter it, giving us 
time delay. This filtered d.c. is thep 
applied to some control means, which 
usually has no further delay itself, and 
the gain is slowly lowered, and estab. 
lishes itself at a new level. This level] 
is maintained for the remainder of the 
signal duration until the signal dis- 
appears, when the gain is slowly re. 
stored to its previous value. 

Figure 4C shows the resultant on 
the record. While the amplifier js 
lowering its gain, the signal appears at 
full overload amplitude, giving us a 
burst or bounce of energy which sadly 
overloads the record, unless we clip it, 
which gives us a flat top wave that is 
intolerable. Then, while the amplifier 
is restoring gain, the noise is suppress- 
ed temporarily, until the former gain 
is fully established. 

Figure 5 shows a similar condition, 
only the loud loeal speech element is 
immediately followed by a weak ele- 
ment from the distant source. The 
initial part of this element is lost in 
the of the amplifier, 


recovery time 
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$2.50 postpaid. 





Foreign orders add 50c. 


% *& & Here at last is a binder using modern 


postwar materials 


. ° ! 
provide instantaneous reference to your monthly 


copies of Audio 


library finish that will stand up under constant use. 


® Rigid backbone 
® Light weight ta 


tion spring steel 


— 


® Coil springs built in at each end to securely posi- 


at prewar prices. Designed to 


Engineering. An unusually fine 


with bound-in metal support. 


rnishproof aluminum ends. 


wire holders. 








| RADIO MAGAZINES, INC. 
342 MADISON AVE. AUDIO ENGINEERING 
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® Backbone gold stamped with Audio Engineering 
and pe Enclosed find $ for Binders 
® Center channel to keep magazines fastened 
position. iia 
® Round corners, hinges and backbone fully rein- 
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This recovery we can call the “shadow” the deadness of the room in a rough cause acoustic losses. If the holes get 
cast by the loud signal. way is to get some people into it an smaller and smaller and the intervening 
On any straight a-v-c system this in conversation. Get as far away as_ material gets heavicr we finally wind up 
by effect is inherent. We have perfect possible still within the room however, with a solid rigid member. If you place 
we freedom of choice in making the time and alternately plug and unplug one aa piece of board over the port you will 
a constant as long as we wish, without ear. The difference between binaural _ still hear ringing, and probably indis- 
en difficulty or expense, but the longer we and monaural listening is much greater tinguishable in piteh from that heard 
ich make it the longer the duration of the in a live room. In other words if you with the port open, but somewhere be- 
nd burst, and the longer the suppression can still understand the conversation tween completely open and completely 
ab. of the leading edge of a weak element perfectly when listening with one ear closed there is a material that has just 
vel immediately following. the room is plenty dead enough for the right resistance. It might be an old 
the The minimum time requirement is this experiment. It is, however, wise sweater, a turkish towel, a burlap bag 
lis- that determined by our lowest frequen- to keep fairly close to the speaker. or a few layers of window screening. 
re- ey, say 300 cycles, which must be recti- So now we’re ready to go to work on Here’s where the oscillator helps. If 
fied and then used to charge up a con-_ the port. What we want is something you have plotted two curves, one with 
on denser to a new value, plus the extra’ with many small interstices that wi!l the port open (double hump) and one 
i. time required to filter out the 300-cycle | sae 
at component. Since we always use half- | 
ta wave rectification, and each cycle is | 
dly about 3 milliseconds long, we need | 
it, about ten such cycles to reach the new | 
is value, which is a time constant of 30 | 
fier milliseconds. In practice, 40 millisee- | . 
ian onds is generally used. | oa 
ain If the range of a-v-e control is small, | en 
say 10 db, a nice smooth system results, A 
on, but 10 db does us little good, and when bee. \ COLLAPSIBLE ? 
ig we extend it to about 60 db we run \ 
ale- into a whole series of troubles. The \ DOLLY 
"he initial surges or bursts contain much | ' for 
in transient energy which excites our cut- | \ 
hee ter and any characteristic of the am- | ; 
‘ plifier to forced oscillations of their | i TV Camera Work 
» own. The shadows become quite notice- | ~ 
able, and the rapid alternations be- | : : ce 
— tween bursts and shadows are very an- | : es 
noying. The burst must also be clipped * 
by some element of the system, pt | Now being used by RCA--NBC ‘ 
would have cross-overs, which we ean- | CBS & DuM t Vid St ti 
not tolerate at all, so we find the elip- | on I eo a Ions 
ping usually gives us a flat-topped | 
wave, which again is intolerable. 
This is really a first-class problem. 
The writer went through it many years | Sturdily supports ‘T\ 
ago, and finally decided to go to the | camera on tripod, also 
asymptotic system with much of the | cameraman. Assembles 
action built in the cutting head as has quickly without tools. 
been previously deseribed.? | Collapses into carryin: 
2“Self-Monitoring Recorder Head”, S. Young 2s . sq. by 6’ long. 
White, Aupto FNGINEERING, Aug. 191°, | Edel tee Sead & te 
" | cation TV work. 
| 
Reflex Type Speaker 
. [from page 25] | e 
ts that it can be done is that it has been 
done, twice to my knowledge, once with ree ‘al 
benefit of audio oscillator and v.t.v.m. ——— > TV and 
for plotting impedance curves as above motion picture equipment. 
= and once without. The oscillator helps, | Representatives for Houston Developin. 
but is not a necessity. If you listen in | Machines; Auricon SS camera & record- 
the opposite end of the room, and if | ing equipment; Bardwell & McAlister 
it is a very live room, then you do un- | ligating equipment; monies one: Silane 
: opaea ea | Engineering editing equipment. 
doubtedly hear mostly room ringing, | Rentals, Sales & Repairs of all types 16mm and 
but conversely if your ear is a foot or | 35mm cameras, and editing equipment. 
two from the diaphragm and the rooin faaun €. 2uCREE 
is reasonably dead, then you are to all < 
intents and purposes listening to the (+ AMERR UIPME NT (0. Complete staff of trained technicans 
= speaker ringing. One way of evaluating 1600 BROADWAY N€W YORK CITY available for consultation. 
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with the port closed (single hump) then 
as you try each new material you can 
tell at a glance whether it is too heavy 
or too light and what to try next is 
somewhat simplified. However, it’s still 
cut-and-try anyway you look at it. 
The amount of audible ringing de- 
pends upon the total amount of damp- 
ing in the system and a not inconsider- 
able portion may be supplied by the 
generator feeding the voice coil. When 
the battery circuit is closed the voice 
coil is practically short circuited, i.e., 
the electrical damping is very high. 
When the battery circuit is broken the 
voice coil is open-circuited and the elec- 
trical damping is zero. We may there- 
fore in the course of our experimenting 
find a material such that the sum of the 
dampings produced by it and the bat- 
tery together will be critical. In this 
circumstance we will hear a “tick” 
when the circuit is made and a “bong” 
when it is broken. Make no mistake 
about the difference between the tick 
and the bong. You have to listen sharp 
but it is a very real difference, the tick 
being cleaner and sharper and without 
the slightest taint of any pitch whatso- 
ever. So if we hear tick-bong-tick-bong 
as we close and open the switch we 
know that we are very close and on 
the low side and in one to two more 
moves we should hear tick-tick-tick-tick. 
In one ease we started out with a loosely 
knitted, light, woolen sweater. One 
layer did practically nothing. Four 
lavers got us to the tick-bong stage. 
The only thing we could find at the 
moment that was heavier than 4 layers 
of sweater was a piece of the ozite we 


had used for lining. It was too heavy, 
giving almost the same curve as a plain 
board. We then found that the ozite 
could be split and one half thickness 
of ozite turned out to be just the right 
combination. In another instance two 
layers of coarse burlap did a very good 
job. In both cases the final results were 
such that with an assistant to handle 
the switch it was impossible for the 
listener to distinguish the difference 
between the make and the break and 
both said tick. It helps to have the ma- 
terial stretched or so secured that it 
doesn’t vibrate, otherwise it may contri- 
bute reactance as well as resistance. 

Unsolicited and uncoached comments 
regarding the comparison between the 
reflex type cabinet with and without 
critical damping as per above might be 
summed up as follows: On organ music 
(steady tones), no difference, on per- 
cussion or lows with transients, pizzi- 
cato, ete., the damped speaker puts out 
somewhat less total volume of lows but 
the various low-frequency instruments 
stand out much more clearly. Several 
records with what formerly sounded 
like kettle drums turned out to be 
plucked strings. Male speaking voices 
reproduced 20db too loud lose most 
of the rain-barrel effect. 





Manufacture of Records 


[from page 18} 
and outer diameters required by the 
press for which it is intended. The same 
lack of uniformity which throttles the 
industry prevails in this phase. There 
ure virtually as many specifications, each 








ANOTHER ACA-100 AMPLIFIER EXCLUSIVE FEATURE 


UNCONDITIONAL FIVE-YEAR GUARANTEE 


A real sense of security— 




















@ Normal Response 20 to 20,000 cycles 
+ 1 db 


@ Rated Power Output 23 Watts at less 
than 1°% Total Distortion 


@ Independent Push-Pull High and Low 
Frequency Controls 


@ Non-Frequency Discriminating Noise 
Suppressor 


@ Push-Pull Dynamic Volume Expander 
with Variable Timing 


Models available to accommodate GE 
and Pickering Phono-Cartridges 


398-4 Broadway 
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In the ACA-100, our engineers have developed 
an amplifier which actually represents the limit 
of electronic efficiency! But the final measure of 
full satisfaction lies in the complete sense of 
security offered to owners of the ACA-100 Ampli- 
fier through our Unconditional 5-Year guarantee! 
The ACA-100 has been designed and built to last 
a lifetime, and to give the kind of performance 
you would expect from the country’s leading manu- 
facturer of audio equipment. The confidence we 
have in this amplifier is expressed to some degree 
by this 5-Year guarantee. 


Only Amplifier Corp. of America can offer an 
amplifier with such additional exclusive built-in 
features as a Non-Frequency Discriminating Scratch 
and Noise Suppressor, and Push-Pull Dynamic 
Volume Expander plus an Unconditional Guaran- 
tee of five full years of trouble-free operation with 
the world’s most modern amplifier! 


Send today for our literature, which lists complete 
specifications of the ACA-100 Amplifier. 


AMPLIFIER CORP. of AMERICA 
. New York 13, N. Y. 








varying by a few thousandths, as there 
are pressing plants. Prior to cutting 
the inner and outer diameters, the 
stamper must be centered accurately jn 
reference to the music lines. In com. 
mon practice, the stamper comes off the 
mother with a perfectly flat center or it 
has a washer in the area of the center. 
If the latter is the case, the washer js 
removed and a blank piece of copper js 
soldered in its place. The stamper jg 
then placed on a turntable which 3s 
mounted on a hand arbor or foot press 
(Fig. 5). The center of the turntable 
contains a die with a small hole into 
which a punch slides when the ram js 
brought down. The turntable is rotated 
slowly with the stamper on it. A fixed 
optical instrument, or a fixed feeler 
gauge attached to a needle which rides 
the stamper, indicates how far off center 
the stamper is. The stamper is adjusted 
on the turntable until its center coin- 
cides with the center of the turntable, 
which is the die. At that time the ram 
is brought down and a hole is punched, 
which should be exactly concentric to 
the music lines. Failure to do this ac- 
curately causes the prevalent off-center 
record which makes all the previous 
efforts of the recording and processing 
engineers fruitless. 

Using this hole as a reference, the 
outer diameter is then cut by a circular 
shear or punched by a punch die; and 
finally the inner diameter is puunched 
out by another punch and die. In those 
processing plants which produce stamp- 
ers for one set of press specifications, it 
is common to use a compound die which 
punches both I. D. and O. D. 





Classical Recordings 


[from page 34] 


application of this idea of tension—of 
work against resistance—which I have 
in mind. We hear much of the per- 
fection of modern musical instruments 
as compared with the “crude” instru- 
ments of earlier times. In this day of 
progress, it is an easy thing to assume 
that for better music all one needs is a 
better instrument, one that ean do 
more, offer less resistance to the play- 
er.- Tomorrow’s oboe can play faster 
and higher and sweeter than yester- 
day’s. The valve trumpet is an “im- 
provement” over the old valveless in- 
strument because, instead of being 
“confined” to the overtone series it can 
now play “any” note, and_ similarly 
with the French horn. (Strange that 
Brahms refused to write for the valve 
horn, preferring the limitations of the 
older unvalved horn!) The old record- 
er was superseded by the flute, which 
plays louder, softer, higher, lower 
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(though not faster ) ... Progress every- 
where—and what could be more natur- 
al than that numerous engineers with 
a musical bent should discover that 
through electronics all musical instru- 
ments can be at last rid of all imper- 
fections, of their remaining clumsi- 
nesses! The electronic trombone, no 
longer the slow-speaking grand-daddy 
of the orchestra, can play (via electric 
keyboard) as skittishly as a piccolo, as 
lightly as a fiddle. The electronic 
French Horn, or a reasonable equival- 
ent, with a mathematically even tone 
throughout its unlimited range, can 
dash about the scale like a xylophone, 
and as effortlessly. But to what musi- 
cal end, I ask you? 

My point, to bring this to a close, 
is that even musical instruments, and 
the players of those instruments must 
do work, must strive against difficul- 
ties. And that means imperfections, 
limitations. An electronic “tenor” 
might sing a high C with no more 
effort than a low B-flat. Where, then, 
is the impetus, the striving-against- 
odds, the musical impedance, that 
makes the flesh-and-blood tenor’s high 
C a thing to thrill at, a musical ex- 
pression? The player piano could 
never satisfy the musician because no 
one really wants to hear a _ purely 
mechanical rendition, no matter how 
“virtuoso”. (One could produce some 
remarkable pianism by punching the 
right holes in the player roll!) To sell 
player-piano rolls, their human element 
had to be emphasized, not their easy 
mechanical perfection. As a reproduc- 
tion of human effort, against musical 
impedance, against the resistance of 
human muscles and of an imperfect 
instrument, the player roll was fine 
(and so is the phonograph record). 
But as a purely mechanical exhibit of 
virtuosity—be it twice as fast and six 
times as complex as any human pianist 
could manage—it was just so much 
noise, 

The danger, then, in the development 
of electronic musical instruments is 
simply their perfection, their lack of 
imvedance. Whereas throughout the 
long history of musical instruments 
the striving has been to improve, 
against odds that no one even imagined 
could be entirely removed—now the 
electronic instrument builders must 
strive to get away from the perfect, to 
build imperfections, or simulated im- 
perfections, into their machines. 

A simple change of analogy will 
finish this essay. Take the foot race. 
It still exists, after centuries, though 
man can move himself a lot faster a 
lot easier; because there still exists 
that infinitely stretchable, but always- 
Present physical resistance against 


which the racer must throw himself, 
and which furnishes us with all the 
excitement of a “fast” sprint, a record 
broken, if by ever so little. If man 





RECORD LIBRARY 


In this spot a continuing list of rec- 
ords of interest will be presented. This 
list specifically does not suggest “the” 
best recordings or versions. It will draw 
predominantly but not entirely from 
postwar releases. All records are theo- 
retically available, directly or on order; 
if trouble is experienced in finding them 
Avupio ENGINEERING will be glad to co- 
operate. Records are recommended on 
a composite of musical values, perfor- 
mance, engineering; sometimes one, 
sometimes another predominates but 
records unusually lacking in any of the 
three will not be considered. Number 
of records in album is in parenthesis. 


Easy introduction to good contem- 


porary music—postwar records. 
Bartok, Piano Concerto No. 3 (1945). 
Gyorgy Sandor; Phila. Orch. Ormandy 
Columbia MM 674 (3) 
Berg, “Wozzeck” excerpts (opera, !920). 
Janssen Sympth. of L.A. Charlotte Boerner, 
sopr. 
Artist JS-12 (2 pl.) 
Bernstein, "Facsimile" (ballet suite, 1946). 
Bernstein, RCA Victor Orch. 
RCA Victor DM 1142 (2) 


Britten, ‘Peter Grimes'—Four Sea Interludes. 
Amsterdam Concertgebouwx, von Beinem. 
Decca London EDA 50 (3) 


Britten, Serenade for Tenor, Horn and Strings. 
Peter Pears, ten. Dennis Brain, horn. 
Boydn Neel String Orch. Britten. 

Decca London EDA 7 (3) 
Copland, Appalachian Spring (ballet suite). 
Boston Symphony Orch. Koussevitsky. 

RCA Victor DM 1046 (4) 
Hindemith, Sonata for Viola d'Amore and 
Piano (1929). 
Milton Thomas, Sara Compinsky. 

Alco AC 204 (2) 


Menotti, "The Medium", "The Telephone” 
(operas). 
Ballet Society Broadway production. 
Columbia MM 726A (7) 
MM 726B (3) 
Prokofieff, Overture on Hebrew Themes. 
Nowinsky, Rivkin, string group. 
Disc 4020 (I pl.) 
Prokofieff, Romeo and Juliet Suite No. 2, 
excerpts. 
Boston Symphony Orch. Koussevitsky. 
RCA Victor DM 1129 (2) 
Stravinsky, Pastorale for Violin, Wind Quartet. 
Szigeti, wind quartet cond. Stravinsky. 
Columbia 72495-D (1) 
Stravinsky, Dumbarton Oaks Concerto (1938). 
Dumbarton Oaks Festival Orch. Stravinsky. 
Keynote DM | (2 pl.) 
Virgil Thomson, Five Portraits. 
Philadelphia Orch. Thomson. 
Columbia MX 255 (2) 
Toch, The Chinese Flute (1923). 
Alice Mock, sopr. Pacific 
M. Compinsky. 
Alco AC 203 (2) 
also T-102 (1 16") 


Symphonetta, 
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A great step forward . . . Atlas Alnico-V-Plus 
Super-efficient magnetic assembly. Energy per 
unit volume over three times as great as any 
used before. Traditional Atlas Quality and 
Fidelity to Precision are incorporated in ail 
these new developments. Keep step with 
Sound Advancement with Atlas Sound. 





TPISV New Atlas 
Alnico-V-Plus Dual 
Projector. Also in 


PD-8V N 
eg larger model TP24V. 


Atlas stream- 
lined Hi-Fidel- 
ity Alnico-V- 
Plus Driver 
Units. 


HU-24V All Atlas 
Speakers have new 
unbreakable Alnico- 
V-Plus Driver Units. 





PD-5V All Atlas 
PD-V Driver 
Units are com- 
pletely Mag- 
netically 
Shielded... 
entirely Her- 
metically 
Sealed. 


HU-15V Maximum 
efficiency as repro- 
ducer, utmost per- 
formance as micro- 
phone in talk-back. 





PD-3V All Atlas 
PD-V Driver 
Units have full 
phenolic un- 
breakable dia- 











phragms. 
ite f MICROPHONE 
mannan STANDS —Atlas is 
New Illustrated 


outstanding in Qual- 
ity, completeness 
and variety of mod- 
els produced. 


Catalog. 
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could suddenly be “perfected” elec- 
tronically so that to run 100 miles an 
hour were no more difficult than to 
run 15—the foot race would be no 
more. And so in a thousand other 
forms of human expression. As far 
as music is concerned there must be 
resistance, there must be impedance 
in every aspect; there must be diffi- 
culties, imperfections to work upon— 
or there is no expression. And _ no- 
where is it more true than in the 
musical instrument itself. 

No wonder, then, that many musi- 
cians look askance at electronic in- 
struments advertised as “improve- 
ments” over the clumsy mechanical 
ones. No wonder that some of us are 
discovering unexpected beauties in the 
“erude” instruments of earlier cen- 
turies, so long obsolete, where the 
musical impedance was so overwhel- 
ming that even a little piece of music 
could give men a huge and satisfying 
lift! 


Recent Recordings 


Ravel, Piano Concerto (1932). 
Leonard Bernstein, pianist and conductor, 

Philharmonic Orch. of London. 
RCA Victor DV 15 (3 plastic) 
Whether this is one of the famed H.M.V. 
recordings or not I do not know at the 
moment—it speaks well enough for itself 
This is a brilliant, highly colored recording, 


with excellent piano, in the solid European 
manner, and with a tonal range that for 
once does justice to the excellent plastic 
the records are pressed on. Musically, the 
concerto is most attractive—some interest- 
ing jazz effects in the outer movements, 
1925 style, and a moving slow piano theme, 
later repeated by English horn, in the mid- 
dle movement. An excellent antidote to 
the heavyweight stuff. 


Ravel, Concerto for the Left Hand (1932). 
Robert Casadesus; Philadelphia Orch. 
Ormandy. 
Columbia MX 288 (2) 
Composed at the same time as the two- 
handed concerto above, but showing a very 
different side of Ravel. A fierce tremen- 
dously complex and emotional work, with 
some of La Valse and the Bolero in it. One 
movement only. The thick texture of the 
score and the elaborate piano part are 
“cleaned up” by excellent wide-range high- 
lights in the recording. But recording of 
the piano is not as good as in the two- 
handed concerto above. 


Ravel, Rhapsodie Espagnole (1908). 
Koussevitsky, Boston Symphony Orchestra. 
RCA Victor DM 1200 (2) 
A strikingly beautiful recording job. To 
my ears it seems to have a wider range 
than most recent Victors, but—knowing the 
tricks the ear can play, I wonder whether 
fine musical color, good mike placing and 
fine acoustics do it? Doesn’t much matter, 
for you will not find a better recording of 
this for a long while. This is the earlier, 
more sensuous Ravel, more Spanish than 
any pure-blooded Spanish music. 
Grieg, Piano Concerto in A Minor. 
Oscar Levant, New York Philharmonic, 
Kurtz. Columbia MMV 741 (4 plastic) 








Schumann, Piano Concerto in A Minos. 
Rudolph Serkin, Philadelphia Orchestr, 
Ormandy. ; 
Columbia MMV 734 (4 plastic) 
Two fine concerto recordings, both crisp 
wide range, good plastic surfaces. This jg 
the modern-style recording, as contrasted 
with the golden, mellow blur, rich ang 
reverberant, that characterized the best older 
European concerto jobs. Here, all is sharp 
and clear (and some will object—but not |. 
the more of the music one can hear the bet. 
ter I like it). Acoustics on the dead side, 
with a touch of studio sound. Piano is not 
first rate in either recording, though the 
Schumann is better. Both pianos have per. 
cussive, tinny qualities. Levant’s Grieg jg 
a brilliant one, but superficial—not a had 
idea for this overplayed music.  Serkin’s 
Schumann is energetic, contemporary, not 
mellow, a good alternative to more romantic 
interpretations available. 
Tchaikowsky, Symphony No. 4. 
Ormandy, Philadelphia Orchestra. 
Columbia MM 736 (5) 
Another new-fashioned version of an old 
repertory war-horse. Tremendously loud 
and clangorous, bringing out only too clearly 
the over-noisy orchestration of this work! 
But fine as a show piece, and a good solid 
interpretation. 
Bach Arias (excerpts from the Bach Cantatas), 
The Bach Aria Group, William Scheide, 
dir. 
Vox 637 (4) 
This is to my taste the best Bach album 
of the year, done with small group of in. 
struments, solo voices trained and balanced 
to blend with them. The instrumental play- 
ing (with an obbligato solo part in each 
aria) is superb, the singing good enough, 
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Recording, except for an uncomfortable 
stra, number of peaks, is excellent, with good 


wide range, exceptionally good acoustics. Stadéa 2? ° A 
tic) But level is dangerously high much of the , 
























i ime, surfaces, though quiet, seem soft. | : 
a Handel, Water Music (arr. Harty); Concerto WITH CUSTOM-BUILT FEATURES | 
. 21 (No. 10). | by ; . : . 
— — got te | Design of Bardwell & -McAlister’s New Commercial Amplifiers 
Ider — RCA Victor DM 1208 (4) | | embodies the principles which have been proven in custom-built | 
harp 4 tasteless, heavy performance of the | | _ units developed in the Motion Picture Industry, where quality is 
2 Water Music, far surpassed by the ancient | requisite. Fully licensed. 
et- ding of the same conducted by Harty | | 
side = iC 3): the c to grosso is } 
. self (C X 13); the concerto grosso is 25w. models operate . : 
not aon inflated by an orchestra much too | | 12w. models yecnape-vling up to 16indoor speak- nie ence widen 
ere ; . , eer ie | | to 8 indoor speakers, by manufacturers o 
the : the music, played with a decided ; ers, effectively cover é : 
per- big for f Schmalz. Even the recording |  * effectively cover out- outdoor iene of call any Servet ; 
g is ~— i“ a ve . of. Try the Busch door audience of 2500. 8000 yates a | , 
is nothing °© won ‘ , ‘ or the Motion Picture 
= ada : = concerto — —— : : ‘ Industry. Union anise. 
so 2 eee gee oS See 2 to 4 high gain 
net better performance. It s number 10 there. ape inate 4 ae : : 
ae Poulenc, Petites Voix (Little Voices). and 2 to 4 high <a With or without 
RCA Victor Chorale, Robert Shaw or low gain radio professional “T* 
RCA Victor 10-1409 (1 10-inch). | or phonograph - pli Sn 
5 On this tiny record is some of the best, | | input channels. — 4q : 
6) most musical singing Shaw has so far re- | % 
old corded. These are little French children’s | | . Output impedances 
loud gongs (with an adult waggishness to them) | | ' High fidelity reproduction 500, 250, 16 & 8 
“arly f S omen’s voices only. | at any setting of volume ohms. Overall gain 
ork! oiainaes Boe controls up to full rated Frequency response 105 db. Hum level 
solid — output with less than 4% flatwithin’dbfrom . 85 db below full 
4 ' distortion. io 50 to 10,000 cycles. output. / 
te). Popular Recordings ! a 
ride, P Write today for informative catalog & Technical data. 
[from page 34] iiiiie-Aeaniiies teateed 12 
(4) i ealer inquiries invited. 
ic rraving the stampers 
bum delicate engraving on | 
in. will be able to stand the strain of long . ELECTRONIC DIVISION : 
need | commercial runs. Stampers for reg- BARDWELL & McALISTER, INC. 
om ular vinylite dises with .003 inch wide |, . 
a grooves have only half the life of | PRODUCT BOX 1310, HOLLYWOOD 28, CALIFORNIA 
shellac matrices. It seems probable | ‘ ar . 
an that micro-groove stampers would stand | 
—, 


up only a fraction of that time. 
Another fidelity problem concerns | ‘ 
wide-range recording at the smaller | 
diameters near the center of the plat- 
ter. Most 33 1/3 rpm platters have a 
sixteen-inch diameter not merely for 
longer playing time, but also because 
the greater the circumference of the 
groove, the smaller the tracking error. 
For this reason a six to eight-inch 
diameter center is always left on slow 
playing dises. Could so large an area 
be wasted on a ten-inch surface? Tt | 
will be interesting to see what the 
Columbia solution to this problem is. 
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Po cas. ATTENUATOR 





for new CONSOLE INSTALLATION 


The flick of a finger operates the 
patented “‘Gove’’ Vertical Atten- 
vator. Representing the very latest 
in broadcast components, these 
units are suitable for every type 
of sound equipment from elabor- 
ate broadcast stations to the 
simplest P.A. system. Unit gives 
smooth easy operation and can 
be cleaned from front of panel 
by removing escutcheon. Com- 
pletely shielded and dust proof. 





Here are some of the more interest- 
ing new 78 rpm discs: 


Stan Kenton Album Capitol CD 79 | 

Labeled, Progressive Jazz, the music of 
the Kenton band is the loudest, brassiest 
— and fastest of all the popular orchestras. 
Capturing so much noise with such clarity 
must have been a difficult problem for the 
Capitel engineers. Their task would have 
been more rewarding if they had introduced 
a little greater resonance. The recording 
has brilliance and wide frequency range. 
On Parade London LA 16 
H. M. Irish Guards Band 

A good set of high-fidelity band records 
has been needed for a long time, and this set 
more than fills the bill. — ffrr recording 
technique suits this music perfectly. Ample 
resonance prevents these discs from having 


the brash sound in loud passages which 
mars most domestic band B secre Engin- ova 08 eee ee ee 
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eers and radio dealers will find this set 
useful in demonstrating sound equipment. 
Nature Boy, 
Ritual Fire Dance 
Mantovani and his Orch. 
When the record makers decide that a 
popular tune has that unique quality which 
places it among the all time hits, they 
generally wax a lush version replete with 
strings and piano obligato. London’s Nature 
Boy is just such a waxing. The simple 
melody bears up well in this arrangement, 
and the recording is fine. De Falla’s Ritual 


London 10013 


Fire Dance hardly sounds its best in popular 


Grand 


by RACON 


Introducing 


Collular 





eee ee 
ae 


HIGH FIDELITY reproducer that 

sets a new standard of efficiency 
in electro-acoustical conversion. Size 
11”xt1”’x15” small enough to fit into the 
home console. Sound output ample for 
studio and industrial requirements. Has 
120° horizontal sound angle. Special 
type cone speaker for low reproduction, 
and cellular speaker for wide angle cov- 
erage and high frequency response, and 
many other exclusive features. Frequency 
range 50 to 12,000 cps. 


Write for free catalog 


RACON ELECTRIC CO., INC. 


52 E. 19th St. N. Y. 3, N. Y. 











trappings, but the performance and record- 
ing plead mightily in its favor. 
The Sample Song, 
Two-Gun Harry From 
Tucumcari Columbia 38140 
Dorothy Shay with orch. under Mitchell 
Ayres 

The Park Avenue Hillbilly, has won con- 
siderable popularity for her sophisticated 
singing of mountain style ballads. Her 
newest is just as amusing as the earlier 
ones, and the recording is clean and pleas- 
ing. Almost all attention is centered on 
the voice, but the small orchestra in the 
beckground is cleanly recorded. 
Caramba! It's The Samba, 
Baby, Don't Be Mad At Me 
Peggy Lee with Dave Barbour 
Brazilians 

Caramba! is a trifle fast for the typical 
Peggy Lee delivery, but she does an efficient 
job of singing this clever and amusing 
ditty. The Latin background is well bal- 
anced with a purposeful edge in favor of 
the guitar solos by Peggy’s husband, Dave 
Barbour. The flipover is nothing to get 
excited about, but it demonstrates the super- 
ior recording technique and pressing which 
Capitol devotes to its releases. 


The Edispot 


[from page 13} 


Capitol 15098 
and the 





ment is almost as effective as the 
above visual technique. In this 
method, only an aural monitoring out- 
put is used. Referring again to Fig. 4, 
the audio output is blanked out from 
time t2 to t®. This blanking effect is 
obtained by switching a cam operated 
shorting switeh across the pick-up 
head. The blanking interval is ad- 
justed to end precisely at the instant 
the pick-up head passes the “Mark” 
arrow. The tape is then simply jock- 
eyed into a position where the start of 
a desired word, “Democratic” in this 
ease, is cleanly isolated from preced- 
ing sounds. However, the interval is 
sufficiently short so that some sound 
is heard ahead of the blanking interval 
serving to alert the operator’s ear and 
to maintain continuity. 





tity 
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—Lights, Mikes, Booms, 


Moviolas, etc. 
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$.0.S. SPECIALS of the Month | 


Neumade 
—Does full 
perfectly 
enclosed 
limited. Worth $330. 


Added Specials from our $250,000 Stock ! 


Worth $750 
\uricon Single 
worth $2500 
Bardwell 
stands, 
eavy 
new 
Laco Hollywood 209 watt fresnel spots 
Reeves Tyre 
Recorder 


Everything for Studio, Cutting Room and Laboratory | 
Send for takes Dae .. Thousands of good buys! | 


S.0.$ CINEMA SUPPLY CORP. | 


| Occupying entire building: 602 WEST 52nd ST., NEW YORK 19 | 


Automatic Film Cleaning Machine | 
1000’ reel in 8 minutes, rewound i 
cleaned & polished. Totally | } 


housing, sealed motor. Quan- 


yA 


dry, 
steel 


Brand New 


&. Simplex Preview Mags, || 
$ 


System Compl outfit 


MCW —ceccccccccccccceccccecece © seccccccccccccccccseecens 


Duty Mike 17’6” exten- 


| 
McAlister 5000W Spots on 
Boom 


25mm _ Studio Film 








sbinbapih ieee eineseshkersncsorsistabevisesubebssbenssbe 1995.09 


Lenses, Background Process, 








To return to the editing example, 
with the tape aligned by either of these 
methods, the drum is stopped and g 
mark made on the tape at a point 
opposite the “Mark” arrow. The tape 
is moved on to locate the other end of 
the portion being edited out, the gap 
between “pardon” and “Republican” jg 
similarly marked and the tape lifted 
off the drum, cut at the two marks, 
19% inches apart in this case, and 
spliced together to produce a smooth 
and continuous phrase—” .. Mr 
Smith, Republican candidate for the 
office of Mayor.” Some editing prob- 
lems involve the removal of much 
smaller bits than in this example, some 
involve a complex synthesizing of sen- 
tences from individual words. In all 
eases, the important problem of. spot- 
ting a cutting point may be handled 
with the “Edispot.” 


Summary 

The tape-editing spotting device de- 
scribed, although a laboratory model, 
has been found to be a valuable tool 
for use in the process of magnetic- 
tape editing. The visual display makes 
it possible to handle normally “blind” 
tape recordings as easily as film sound- 
track recording are handled in edit- 
ing. However, although this display 
is certainly useful and of considerable 
technical interest, the alternate and 
simpler technique of aural blanking 
appears to serve adequately the present 
requirements of the job. 

Although the particular equipment 
described was designed for use with 
slow-speed tape, it is felt that many of 
the principles will be applicable to the 
editing of other tape material. At the 
same time, the fact that slower-speed 
tape is more easily handled in editing 
work is an important argument for im- 
provement of slow-speed tape fidelity. 

The C.B.S. “Edispot” may be sum- 
marized briefly as a device which pro- 
vides convenient means for reeling and 
timing recorded magnetic tape at var- 
ious speeds forward and backward, for 
playing-back recorded material, and for 
closely examining sections of tape sev- 
eral words in length to enable accurate 
location of a cutting point for editing 
work. It enables a direct and precise 
procedure in place of time-consuming 
cut-and-try methods. 
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Wired Music System 
[from page 20] 


proved to be as popular in wired music 
gs in other systems. Customers do not 
appear to desire an extended frequency 
response but rather prefer considerable 
bass with a high-frequency cut-off at 
about three or four thousand cycles. 
Perhaps one reason for this is the basic 
requirement of the music remaining in 
the background. Extending the highs 
would tend to make the music pierce 
the ambient background noise in most 
installations and would perhaps prove 
objectionable. A bit of bass boost and 
a roll-off of the highs beyond 5000 
eycles at the point of origination has 


been the most satisfactory arrange- 
ment to date. Additional high-fre- 


quency attenuation is obtained on some 
installations through the _ telephone 
circuit and still further adjustment 
may be made through the use of the 
tone control on the amplifier furnish- 
ing sound to the installation. 


Conclusion 

The construction of the wired music 
system described here is but one 
approach to the problem and in some 
respect could be modified. It has an 
advantage of using standard broadcast 
units which are interchangeable with 
those in use at WSBT. This obviously 
simplifies the maintenance problem and 
lowers the items for spares. 
Some form of switching might have 
been used for connection to consumer 
lines, however, the jack system is sim- 
ple and quite foolproof and gain stand- 
ard procedure in a broadeast station. 


stock 





New Products 


[from page 36] 


Employing the principle of Carrier Fre- 
quency Phase Modulation, this new micro- 
phone is said to eliminate every operating 
and performance difficulty heretofore en- 
countered in conventional microphones. 

The pick-up assembly is ovoid in shape 
and only 1” x 114” in size. Other features of 
the microphone are (1) True and absolute 
linearity of response by any measurement. 
Low response is linear to one-half cycle in 
24 hours. (2) No distortion can be read or 
detected. (3) No arc-over or breakdown. (4) 
Pressure-operated at all frequencies. (5) Po- 
lar pattern at all frequencies. Almost com- 
pletely one-half sphere—down 5 db at 90° 
off the axis. (6) Signal-to-noise ratio at 
least 11 db higher than the best prior mi- 
crophones. (7) Rugged construction. Pick- 
up unit contains only the acoustic valve and 
carrier-matching coil. Valve assembly can be 
thrown on floor without damage. Descriptive 
literature and prices may be had by writing 
Stephens Manufacturing Corporation, 10416 
National Blvd., Los Angeles 34, Calif. 
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CINEMA’S NEW SWITCHBOARD KEYS 


This series of keys is designed especially for 





audio switching and control circuits where the 





requirements call for long, dependable service 
The type 1041 is ideally 


suited for microphone input circuits. 


with no maintenance, Type 1041 


Rotary Cam-Operated 


The springs are constructed of heavy nickel 
silver and exceptionally large, pure silver contacts 
are used to provide low and constant contact 


resistance for noise-free operation. 





Type 1042 


The keys mount on the panel through a half Rotary Cam-Operated 


inch hole. The panel may be of any thickness 
up to one half inch. The following spring com- 
binations are available on the keys:—two makes, 
two breaks, two make-breaks or two make-before- 


break. 





Type 1043 
Push-Button (Non-Locking) 





Prices upon request. 





CINEMA 


ENGINEERING COMPANY 


1510 W. Verdugo Ave. Burbank, Calif. 
Cable Address: CINENG BURBANK 
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To be an honest yardstick of the performance 

of a speaker, frequency response curves must © 
be scientifically accurate: they must be made 
on measurement equipment that has earned 
the approval of conservative unbiased audio 
scientists. The frequency response curves pub- © 
lished by Altec Lansing to confirm the radically 
superior performance of its new 1948 line of © 
speakers were made in its outdoor measure 
ment laboratory at Encino, Cal., with equip 
ment and methods approved and used by 
nationally known engineers as well as by the | 
Motion Picture Research Council for establish- 
ing speaker standards in the motion picture in- 
dustry. The dependability of curves is a meas- 
ure of the professional integrity of the manu- 
facturer who releases them. 


a 








Methods and 
equipment for 
outdoor-auto- 
matic high speed 
measurements 
are those recom- 
mended by the 
American Stand- 
ards Association 
in their Loud- 
speaker Testing 
Bulletin (C16.4- 
1942) and re- 
fined by Altec 
Lansing Re- 
search Staff. 





Send for brochure describing 1948 line 
of Altec Lansing speakers, containing 
frequency response curves. Altec 
Lansing Corporation, 161 Sixth Ave., 
New York 13, or 1161 North Vine St., 
Hollywood 38, Calif. 
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SPECIAL PROBLEMS 
demand 
SPECIAL TREATMENT 


Engineering judgment is often 
the most important ingredient 
in the design and construction 
of apparatus for your specific 
needs. We specialize in — 


— one-of-a-kind instru- 

ments for electronic or 

electro-acoustic measure- 

ments 

—recording or reproduc- 

ing systems with special 

characteristics 

— subminiature audio 
for 


Laboratory, Production Testing, 
Broadcast Station, Recording 
Studio, or Discriminating Home 





Audio Instrument Company 
1947 Broadway, New York 23, N. Y. 

















Qriro BETTER ELECTRONIC EQUIPMENT 
att SEIU Taal 


















READY- 
TO-USE 
CABINETS 


CHASSIS 


Equipment 
is preferred by 
Service Men 
Amateurs, and © 
Manufacturers ¥ 
becouse they're 
odaptoble, easy- 
to-assemble, eco- \: 
nomical., Beautifully 

designed, ruggedly 
constructed by spe- 
cialists. Famous for 
quality and economy, 


Write for Catalog. 


PAR-METAL 


PRODUCTS CORPORATION 


























32-62—49th ST. LONG ISLAND CITY3,.N.Y 
ar Deot Tela a2) Taticlaatetitelatel C . 


An * % / 
aU Street New York 
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COOK 


Q:C RECORDING 






OUR recordings, with Cook Feed. 
back Cutters under the exclusive 
Cook Q-C System, will stand out 
conspicuously from recordings made by 
conventional equipment. The Cook Sys- 
tem is unmatched for clear reproduction, 
useful frequency range and volume level. 


The only lateral feedback record. 
ing system for sale on the market, de- 
veloped io meet the requirements of 
modern recording and sound trans- 
mission. Cook Cutters offer you highest 
stability of performance at low cost of 
production and maintenance. 

Phonograph record makers are shifting 
to Q-C — and the only cutters capable 
of this higher performance standard are 
Cook Cutters. Act now — equip your- 
self to meet competition in a highly 
competitive field. 

Feedback cutters available for 
use in your own studios or we will 
do your Q-C master re-recording 
in our laboratory. 
Write today for literature. i 
COOK LABORATORIES 


139 Gordon Blvd. Floral Park, N. Y. 
Telephone: Floral Park 4-7218 








PRECISE AUDIO 
MEASUREMENTS 


Pickering and Company, Inc., leaders in 
the audio field, make available to the 
industry their specialized facilities for 
audio measurements. 

We are prepared to make guaranteed 
measurements on any type of audio 
equipment for manufacturers, dealers, or 
consumers. 


PICKERING & CO. Inc. 
Oceanside, N. Y. 











Ss VERTICAL LATERAL™ 
REPRODUCERS RECONDITIONED 
Types 9-A. 9-B, D-93306, MI-4856, MI-4875-G 
Complete Stock of New Replacement Parts 
for All Types 
This service is being used by leading radio 
stations and wired music companies from 
coast to coast. Factory prices prevail. 
VIBRATION SYSTEMS, INC. 
1040 W. Fort St. Detroit 26, Michigan 




















ELECTRICAL ENGINEER 


Graduate engr with several years’ exp in 
audio development work, preferably magnetic 
recording, wanted for design work. Unusual 
oppty & permanent position for right per- 
son, with long-established company, vicinity 
N. Y. C. Reply giving resume of personal 
data, educational background, ,exp & salary 
expected. 


Write Box AE 1699, 113 W. 42 St. N.Y. 18 
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